, ¢ 
a foe 1932 
J | 
bd ey | | 
Se = § L | | 
4 > eg a f { ? _ | 
| i § } rr 
| \ , ws gé | ) | 
, or & wi. VY FS 
’ 
ager? aa ~ ~ os ~ = —— 
avrayveaywyi) barya i 
ea Gr | | a 
La F A é q a VD i 
ee Oo) Se ae = ate a Sha stato. fda ‘ath | 
WS 4 
i —_ 4 
) imams 


W INTER 
CONVENTION 
New York City 


JANUARY 25-9 1932 


LIBRARY 


Publis ed Monthly by the 


i] t Wy 
° / ey x a a 2 ee 
American Lnstitute of Clectrica 


| 
a 


~ ial 


i-ngineers 


FUTURE MEETINGS of the 


AMERICAN INSTITUTE of ELECTRICAL ENGINEERS 


Place 


New York, N. Y. 
Milwaukee, Wis. 
Providence, R. I. 
Cleveland, Ohio 
Vancouver, B. C. 
Baltimore, Md. 


Memphis, Tenn. 


Date 


Jan. 25-29, 1932 


March 14-16, 1932 


May 4-7, 1932 


June 20-24, 1932 


Aug. 29-Sept. 2, 1932 


October-1932 


November-1932 


Manuscript 
Nature Closing Date 
Winter 
Convention (Closed) 
Ras (Closed) 
District 
een: Feb. 4, 1932 
EN, March 20, 1932 

onvention 


Pacific Coast May 29, 1932 


Convention 

District 

Meeting July-1 932 
District 

Mecine August-1932 


NOTE: Members who are contemplating submitting papers for presentation at any of the above meetings should communicate 
promptly with Institute headquarters, 33 West 39th Street, New York, N. Y., so that such papers may be docketed for 
consideration by the technical program committee, which formulates programs for all meetings several months in advance. 
Upon receipt of this notification, Institute headquarters will mail to each prospective author important and helpful 
information explaining the Institute's rules relating to the preperation of manuscript and illustrations. 


Future Meetings of Other Technical Organizations 


Society and Nature of Meeting 


Am. Engg. Council 

A.|.M.E. annual meeting 

Am. Physical Soc. 

A.S.C.E. annual meeting 

Am. Soc. Heat. & Vent. Engrs. winter convention 
Am. Soc. Refrig. Engrs. annual meeting 

N.E.L.A. Engg. National Section group meeting 
N.E.L.A. No. Cent. Div. Engg. Section 

N.E.L.A. Southwestern Div. 


So. American Electrotechnical Congress 


Place 
Washington, D. C. 
New York, N. Y. 
Cambridge, Mass. 
New York, N. Y. 
New York, N. Y. 
Cleveland, O. 
New York, N. Y. 
St. Paul, Minn. 
Hot Springs, Ark. 


Buenos Aires, 
Argentina 


Date 

Jan. 14-16 
Feb. 15-18 
Feb. 25-97 
Jan. 19-22 
Jan. 25-28 
Jan. 26-30 
Feb. 1-5 
Feb. 29-93 
April 25-28 


July 4-11 


Correspondent 


L. W. Wallace, Secy., 744 Jackson Pl. N. W., 
Washington, D. C. 

A. B. Parsons, Secy., 29 W. 39th St., New 
York, N. Y. 

W. L. Severinghaus, Secy., Columbia Univ., 
New York, N. Y 

Geo. T. Seabury, Secy., 33 W. 39th St., New 
York Ni 

A. \. Hutchinson, Secy., 29 W. 39th St., 
New York, N. Y. 

Miss H. Peffer, 37 W. 39th St., New ee 


A. J. Marshall, 420 Lexington Ave., New 


Yoik, N. Y. 

J. W. Lapham, 803 Plymouth Bldg., Minne- 
apolis, Minn. 

A. J. Marshall, 420 Lexington Ave., New 
York, N. Y. 


R. F. Ascher, Secy., Paseo Colon 185, Buenos 
Aires, S. A. 


Published Monthly by 


Menericcr 


lastitute of 


Electrical 


Eawincers 
(Founded May 13, 1884) 
33 West 39th Street, New York,N. Y. 


CG. BE. SxInNnER, President 
F, L. Hurcurnson, National Secretary 


Publication Committee 

BE. B. Merer, Chairman 

W. S. GorsucH F, L. Hutcxinson 
W. H. Harrison H. R. Wooprow 


Publication Staff 


Grores R. Metcaurs, Editor 
G. Ross HenNINGER, Assoc. Editor 


Cc. A. Graer, Advertising Manager 


SUBSCRIPTION RATES—$10 per 
year to United States, Mexico, Cuba, 
Porto Rico, Hawaii and the Philippine 
Islands, Central America, South 
America, Haiti, Spain and Spanish 
Nolonies; $10.50 to Canada; $11 to all 
other countries. Single copy $1. 


CHANGE OF ADDRESS—requests 
must be received by the fifteenth of the 
month to be effective with the succeed- 
ing issue. Copies undelivered due to 
incorrect address cannot be replaced 
without charge. Be sure to specify 
both old and new addresses and any 
change in business affiliation. 


ADVERTISING COPY — changes 
must be received by the fifteenth of the 
month to be effective for the issue of the 
month succeeding. 


ENTERED as second class matter at 
the Post Office, New York, N. Y., May 
10, 1905, under the Act of Congress 
March 8, 1879. Accepted for mailing 
at special postage rates provided for 
in Section 1103, Act of October 3, 1917, 
authorized on August 3, 1918. 


STATEMENTS and opinions given in 
articles appearing in ELecrricat Enat- 
NEERING are the expressions of con- 
tributors, for which the _ Institute 
assumes no responsibility. Correspon- 
dence is invited on all controversial 
matters. 


REPUBLICATION from E vectTrRicaL 
ENGINEERING Of any Institute article or 
paper (unless otherwise specifically 
stated) is hereby authorized provided 
full credit be given. 


COPYRIGHT 1931 by the American 
Institute of Electrical Engineers. 


Evecrricat Enoinerrine is indexed in 
Industrial Arts Index. 


Printed in the United States of America. 
Number of copies this issue— 


24,000 


10286 


Hearical —. 


Regier 


Registered U. S. Patent Office 


The JOURNAL of the ALL E.E. foe January 1932 


This Month— 


Front Cover 


“Liberty in a new light.” The new floodlighting installation for 
New York Harbor’s famous Statue of Liberty provides an intensity 
of 30 footcandles for the statue itself and 15 footcandles for the base. 
This is accomplished by 96 1,000-watt projectors in the star-shaped 
parapet around the base and many smaller units at other parts of the 
statue; the torch is lighted by fourteen 1,000- and six 100-watt units. 


Radio Interference from InsulatorCorona. . - - = . 3 
By F. O. McMILLAN 


Engineering Features of Three-PowerLocomotives . - - 9 
By F. H. BREHOB and F. H. CRATON 


Standardizing SizesandRatings . . - - + + + + ‘14 
By R. E. HELLMUND 


Cooperative Instruction in Engineering Schools. . - - 19 
By D. C. JACKSON, JR. 


Steam vs. Electricity for Driving Power Station Auxiliaries . 20 
I—Importance of Reliable Auxiliaries . . - +. + 20 
By F. H. HOLLISTER 


1I—Steam Driven Plant Auxiliaries. . - - + + 21 
By W/. POOLE DRYER 


W—Electric Drive for Plant Auxiliaries. . . +» + 25 
By L. W. SMITH 


How About the Human Side of lt? - - « © . . . 2 
By ROBERT D. KOHN 


A Brief Review of Contemporary Dielectric Research . ~ 30 
30 


I—Chemical Research in Insulating Materials. 
By F. M. CLARK 


I|—Properties of Materials Probed in DielectricResearch 32 
\I—Physical Theories of Dielectric Behavior . - - 33 
|V—Dielectric Research Presages Cable Improvement . 34 


Measuring Core LossatHighDensities . . - + + + 36 
By B. M. SMITH and C. CONCORDIA 


Residences with Arc Welded Steel Frames - - - + + 38 


Turn to Next Page 


RAD Table I—Radio 
Nee APIO] INSULATOR VISIBLE ae ere 
Sa CORONA DATA Interference and 
& ui * MEAN ATMOSPHERIC ee Corona Formation 
Se BAROMETRIC PRESSURE 757.2 MM. OF HG. 
3 > TEMPERATURE 21.3 DEGREES ~ CENTIGRADE Voltage Data for 
Zz = WET BULB TEMPERATURE 55.3 DEGREES FAHRENHEIT Pi | | 
vat DRY BULB TEMPERATURE 70.4 DEGREES FAHRENHEIT in insu ators 
RELATIVE HUMIDITY 36 PER CENT 
30.5 Solder coating in conductor and tie wire grooves. 
62.2 Silver and Bismuth coating on head: Zinc thimble in pin hole. 
67.6 Silver and Bismuth coating on head and in pith hole. 
53.6 | 429 Standard porcelain insulator with % in. malleable thimble. 
150 3 TAKEN Malleable cap on head Zin. malleable thimble, discharge cap to porcelain. 
544/589 Malleable cap on head 3in. malleable thimble, discharge cap to porcelain. - 
43.4) 424 Crevices head and thimble filled with Portland Cement. 
c head and thimble filled with Portland Cement, between 
97. 1+| 70.7 RS alis with “Pothead Compound: 
46.5|51.9 Malleable cap on head 3 in. malleable thimble, discharge cap to porcelain. 
53.8 | 56.8 Crevices head and thimble filled with Pothead.Compd. Discharge at head. 
91.6+| 91 .6+ Crevices at head, shells, and thimble mea Bode Pothead Compound. 
ode Discharge over compound at head 45.3 
38.3 44.7 |4 Lt Sanded head coated with electrolytic copper a malleable thimble. 
NOT TAKEN Same as F-4. Discharge. in fault in metal coating. 
38.5 |81.1+| 81. 1+ Standard \nsulator. Corona on head at tie and in pin hole around metal. 
Bi.i* |Bl.1+] Bt. 1+ “Nostatic’ coating on head and.in pin hole. 
- ; F T test cycles, 35 impulse flashovers at 450K. 
40.3 ROURIASEN tana We nas heavy conductor ona tle wire MIpGGtons 
corona first formed where impulse arcs destroyed the conducting 
seating on the head. *Shells numbered 


corona formation and radio interference are coincident 
was determined by a great many tests using insulators 
so designed and treated that the first corona occurs in 
locations easily observed in a darkened room. Some of 
these test data are shown in Table I. 


RADIO INTERFERENCE AND VISUAL CORONA FORMATION 
VOLTAGES 


At the time the investigation of radio interference 
was started, it was known that in general the inter- 
ference from pin type insulators is more pronounced 
than that from the suspension type; also, that more 
interference was radiated from high voltage than 
from low voltage pin type insulators. For these reasons, 
practically all tests have been confined to pin and 
pedestal insulators rated at from 66 to 73 kv. The 
radio interference and visual corona formation voltage 
tests were made with apparatus connected as shown in 
Fig. 1. Great care was exercised to avoid extraneous 
interference from the testing equipment. To prevent 
interference from minute discharges between metallic 
parts in close proximity to each other, all pieces of 
hardware associated with the experimental apparatus 
were bonded carefully either to the high voltage con- 
ductor or to the ground. A polished 14-in. galvanized 
iron pipe (0.83 in. outside diameter) shielded at each 
end, was used as the conductor; this pipe was free from 
corona for all voltages up to 100 kv. 


TESTS ON PIN INSULATORS 


A few representative determinations of the radio 
interference and corona formation voltages for pin 
insulators are given in Table I. The tabulated values 
show that radio interference and visible corona occur at 
the same value of insulator voltage except when the 
corona starts in locations not in view. 
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"Nostatic” coating on head and in pin hole. 


from head to pin 


The unshielded insulators started radiating interfer- 
ence and showed visible corona at the surprisingly low 
voltages of from 8.0 to 12.2 kv. to neutral or approxi- 
mately 25 per cent of the normal operating voltage. 
However, all of the shielded insulators except F-5 
showed a marked improvement in the radio interfer- 
ence formation point, and only one insulator G-2 was 
free from radio interference at normal operating voltage. 
The lower case subscript letters (Table I) indicate 
insulators treated or modified as shown under the re- 
marks in the table. 

It may be observed that nan erate were effected 
by sealing all crevices with cement or compound; the 
radio interference voltage was increased thereby from 
32 to 128 per cent. 


FUNDAMENTALS OF PREVENTING INSULATOR RADIO 
INTERFERENCE 


Because of the nature of the disturbing electrical 
discharges on insulators there are at least three methods 
of attack to eliminate them. These are to: 

1. Design the insulator in such a manner that no regions of overstressed 
air exist under normal operating conditions. 


2. Provide conducting coatings to act as dielectric flux distributors at the 
head, in the pin-hole, and on other necessary parts. 


3. Displace the overstressed air with an insulating compound dielectrically 
strong enough to withstand the potential. 

From at least one standpoint, method 1 is the most 
desirable of the three because it employs no auxiliary 
material which may be subject to deterioration in 
service. This method, however, is the most radical 
departure from present practise and therefore probably 
will require a longer development period if found prac- 
ticable at all. If method 2 employing a dielectric flux 
distributor is used, the conducting material must be in 
such intimate contact with the solid dielectric that all 
air between the conducting coating and the porcelain 
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or glass is excluded. The use of method 8 requires that 
all air in regions subject to being overstressed to the 
ionizing point be displaced by an insulating compound. 

Some difficulties are encountered in employing any 
of these three methods. Conducting coatings must 
remain at all times in intimate contact with the insulator 
material, and must withstand weathering, electrolysis 
due to leakage currents, temperature changes, and 
abrasion due to conductor and tie wire motion. Further 
such coatings must not terminate in positions that will 
overstress the air in other parts of the dielectric circuit, 
and the flashover value of the insulator must not be 
reduced below the required factor of safety. If insulat- 
ing compound is used, it must withstand weathering, 
stay in place through the extremes of temperature to 
which it may be subjected, and not be displaced by the 
motion of the conductor and tie wire to the extent of 
impairing its effectiveness. 

Although the design of a satisfactory insulator of 
practical proportions and which will be suitable for 
mass production apparently is not a simple problem, 
it is believed to be entirely possible to meet the require- 
ments outlined and build an insulator entirely free from 
radio interference at a safe margin above its normal 
operating voltage. 


INSULATOR CORONA CURRENT INVESTIGATION 


The magnitude and character of the corona current 
of high voltage insulators is of great interest and im- 
portance because these characteristics are direct indi- 
cations of the radio interference radiation produced. 
Corona current is not easily studied because (1) it is 
quite small, attaining maximum values of approximately 
40 microamperes for normal voltage on a standard 66- 
kv. insulator; (2) it is obscured by the insulator charging 
current which is approximately 0.4 milliampere maxi- 
mum or 10 times the corona current for an insulator 
of this size; and (3) it has superimposed oscillations of 
very high frequency. 

An instrument suitable for the investigation of cur- 
rents of these magnitudes and characteristics must 
have a high sensitivity and be capable of responding 
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Fig. 1. Schematic diagram of apparatus for 
laboratory investigation of radio interference and 
corona formation voltages on pin insulators 
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faithfully to high frequencies. The device that meets 
these requirements most satisfactorily is the low volt- 
age cathode ray oscillograph. Because of the low 
anode-cathode voltage and resulting low velocity of the 
electron stream, this instrument has the highest sensi- 
tivity of all of the cathode ray oscillographs; and the 
cathode beam diffusion due to the relative immobility 
of the positive focusing ions is not excessive for beam 
speeds of 3x10* cm. per sec. on the fluorescent screen. 

Although the cathode ray oscillograph is well suited 
to the study of high frequency discharges, it will not 
of itself separate the corona current from the charging 
current. To overcome this difficulty the circuit shown 
in Fig. 2 was devised to balance out the charging current 
leaving only the corona current to produce deflection. 
With this circuit arrangement, it is possible by adjusting 
R, and C; to make the vertical deflecting potential on 
the oscillograph zero for all insulator voltages up to the 
critical corona formation voltage. At this critical 
voltage and for higher voltages, the oscillograph vertical 
deflecting voltage is proportional to the instantaneous 
value of the insulator corona current in R2. This 
condition obtains because C, is free from corona. A 
glass insulator with dielectric flux distributing coatings 
on the head and in the pin-hole, and found by test to be 
free from corona up to 50 kv., was used for C; when the 
accompanying cathode ray oscillograms were taken. 

The horizontal deflecting or sweeping voltage for the 
oscillograph was obtained from a neon oscillator con- 
nected as shown in Fig. 2. This type of oscillator 
produces practically a straight line time axis that can 
be operated over a wide range of sweeping frequencies 
by the adjustment of R; and C,. This sweeping 
oscillator can be synchronized readily with the frequency 
producing the phenomena under observation so that a 
stationary image either for observation or recording 
photographically is obtained. To eliminate stray di- 
electric fields a grounded wire cage 5x5x6 ft. high was 
used to shield all apparatus associated with the oscillo- 
graph and neon oscillator. 

Voltage was applied to the laboratory line and 
increased to a value just below the critical corona 
voltage for the insulator under test. At this voltage, 


TRANSFORMER 
lis 


CATHODE RAY 


| } 
“OSCILLOGRAPH 


Fig. 2. Circuit for 
obtaining cathode ray 
oscillograms of insu- 
lator corona current. 
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resistance R, and capacitance C3; were adjusted to 
make the vertical deflecting voltage zero. These ad- 
justments were made while the neon oscillator was 
sweeping the cathode beam over the time axis, con- 
ditions under which any slight inaccuracies in balance 
were detected readily by the deviation of the beam from 
a straight line. When this balance was established 
accurately, a series of corona current oscillograms was 
taken for the insulator at various conductor to pin 
voltages from 10 to 40 kv., r.m.s., in increments of 5 kv. 

In Fig. 4 is shown a series of corona current oscillo- 
grams taken on a standard three-shell 66-kv. porcelain 
insulator with a 34-in. malleable thimble cemented: in 
the pin-hole. Oscillogram G (40 kv.) shows the normal 
corona current for this insulator operating on a three- 
phase transmission line at a line potential of 69.3 kv. 
Atmospheric conditions were representative and normal, 
air density being 1.006 and the absolute humidity 9.4 g. 
per cubic meter. 

Oscillograms reproduced in Fig. 5 show that when 
the ionization gradient is reached, the current rises to a 
maximum value quite abruptly during the positive half 


Fig. 3. 


oscillograms of insulator corona current 


Apparatus for obtaining cathode ray 


cycle and decays rapidly with considerable oscillation, 
reaching zero practically coincident with the occurrence 
of maximum voltage on the insulator. During the 
negative half cycle the corona current does not reach 
its maximum value in so short a time interval as in the 
positive half cycle, the oscillations appear to be much 
‘more violent, and the corona current is sustained at a 
high value for.a longer time. The higher sustained 
value of negative current is shown clearly by the fact 
that for the same line voltage the area under the nega- 
tive wave is greater than under the positive wave. 
Unfortunately the oscillograms do not show the 
oscillations clearly. This is because that in order to 
form an image on photographic film it is necessary to 
trace several successive cycles of corona current on the 
fluorescent screen. On account of the chance character 
of corona formation, successive cycles of corona cur- 
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rent are not alike, and where the oscillations are the 
greatest, the variation in successive figures is largest. 
This variation in the registration of successive cycles is 
shown on the oscillogram by variations in intensity of 
exposure and sharpness of the image. 

Corona current oscillograms were taken also on a 
special three-shell 66-kv. porcelain insulator with a 
silver and bismuth coating on the head and in the pin- 
hole. This insulator (No. B-6 of Table I) was practi- 
cally identical with the previous one except for the 
addition of the metallic coatings. In this case no 
corona current was observed below 30 kv. The 
difference in the character of positive and negative 
corona currents on this insulator was greater than for 
the standard insulators. The positive current shows 
much less oscillation than the negative, and the duration 
of the positive current was observed to be much shorter 
than that of the negative. 

Metallic dielectric flux distributors on this special 
insulator greatly improved the characteristics from the 
standpoint of radio interference. The interference 
starting voltage was increased from slightly above 10 
kv. to 23.5 kv., and the maximum corona current at 
40 kv. was reduced from 40 to 11 microamperes. 
However, the voltage gradient was noted to be excessive 
at the edges of the metallic coatings on the head and in 
the pin-hole at 23.5 kv., which is only 61.6 per cent of 
normal operating voltage. 

Similar oscillograms were taken for a standard 70-kv. 
one-piece glass insulator without any treatment to 
prevent corona formation. These oscillograms show 
the same general corona current characteristics obtained 
with the standard porcelain insulator. Cathode ray 
oscillograms for a similar glass insulator with high 
resistance iridescent dielectric flux distributors on the 
head and in the pin-hole revealed no corona current 
for voltages up to 40 kv. when these coatings were in 
good condition. 


OSCILLOGRAPHIC STUDY OF RADIO RECEIVER OUTPUT 


In order to determine the value of the cathode ray 
oscillograms of insulator corona currents for indicating 
the interfering noise that will be produced in a radio 
receiver, a large number of both Duddell and cathode 
ray oscillograms was taken of the audio frequency 
output from a superheterodyne receiver. These were 
taken with the receiver tuned for a frequency of 1,000 
ke. and receiving only the radiation from the laboratory 
line equipped with one insulator. The circuit condi- 
tions and voltages used were the same as those employed 
when the cathode ray oscillograms of corona current 
discussed previously were taken. 

A typical set of oscillograms for this portion of the 
investigation may be seen in Fig. 5. In these the 
polarity and magnitude of the insulator voltage as well 
as the audio frequency current output of the radio 
receiver are shown for the standard, three-shell, 66-kv. 
porcelain insulator for which corona current oscillo- 
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grams were shown in Fig. 4. It should be observed 
that the oscillations in the audio output have fre- 
quencies reaching values of 5,000 cycles per sec., which 
is the natural period of oscillation for the oscillograph 
vibrator element. Therefore the amplitude indications 
are not very reliable. Notwithstanding this fact, the 
oscillograms show accurately the beginning of the 
corona discharge and quite accurately the end of the 
corona discharge with reference to each half cycle of 
the insulator voltage. At 14.1 kv. maximum, there is 
just the slightest trace of interference, occurring at 
practically the crests of the voltage waves. At 21.2 kv. 
maximum, the corona starts at a very small electrical 
angle and at 28.3 kv. maximum, it appears at the zero 
point of the voltage wave. For higher voltages the 
corona starts before the voltage wave reverses polarity. 
For all values of voltage the corona discharge stops at 
the crest of the voltage wave. This is shown by the fact 
that at that point the oscillations stop. At the higher 
voltages the smooth decay of current following the 
oscillations is due to the recovery of the receiving set 
from overloading. 

The phenomenon of obtaining critical ionizing voltage 
gradients on the insulator at zero, and even with op- 
posing conductor potentials, is due to the large space 
charge established in the space and on the insulator 
surface surrounding the conducting materials where 
ionization has taken place during the previous half 
eycle. This is brought out in greater detail in the fol- 
lowing discussion. 


A THEORY OF THE FORMATION OF INSULATOR CORONA 


A theory of the phenomena associated with corona 
formation on an insulator can be developed by assuming 
the initial half cycle of conductor voltage to be either 
positive or negative. For the following discussion the 
initial polarity is assumed to be negative and the 
ionization of the air surrounding the conducting parts 
and in zones of high voltage stress is assumed to be only 
the normal atmospheric value at the instant the voltage 
first is applied. 

During the initial negative half cycle, the dielectric 
field of the negatively charged conductor repels the free 
electrons and negative ions in the regions of high volt- 
age gradient; when the critical ionizing voltage gradient 
is reached, they bombard the air molecules with such 
violence that ionization by collision results. The 
additional electrons and negative ions produced by 
collision are repelled from the conducting material 
by the electric field, and form the major part of an out- 
side negative space charge. The heavy immobile 
positive ions move relatively slowly toward the con- 
ductor in the regions of ionization. In this manner 
corona increases and the positive ion space charge that 
accumulates due to the relative immobility of the posi- 
tive ions subtracts from the negative field of the 
conductor until the crest of the voltage wave is reached. 
At this point ionization stops because the space occu- 
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CURRENT IN MICROAMPERES 


TIME IN SECONDS 


Fig. 5. Insulator voltage 
(60 cycle) and output 
of radio receiver show- 
ing noise from corona 
on insulator of Fig. 4 


Fig. 4. Cathode ray oscillograms 
of corona current for a standard 66- 
kv. porcelain pin type insulator 


Insulator kv. 
conductor to pin 


r.m.s. maximum Test conditions (Figs. 4 and 5) 
A— 10 S14s4 Barometric pressure 756.0 mm. 
Bese See ee Temperature, dry bulb 91.6 deg. cent. 
EG" 90.5. 2.283 wet bulb 15.3 deg. cent. 
Di. 95s. 35.4 Relative humidity + 50.0 per cent 
E— .30.. ..49.5 Absolute humidity 94.0 g. per cu.m. 
F— 35....49.5 
G— 40. 56.6 


pied by the corona is completely ionized; the volt- 
age gradient at the outside boundary of the corona 
discharge is just equal to the critical value and must 
decrease below this value as the conductor voltage 
decreases. For the negative conductor condition under 
consideration the positive space charge limits the corona 
to a comparatively small discharge distance. Many of 
the free electrons are swept out of the ionization zone 
and the loss of positive ions by recombination adjacent 
to the conductor thereby is reduced to a relatively 
small number. Large numbers of positive ions always 
are present therefore adjacent to the conductor; this is 
such a favorable position that a comparatively small 
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Fig. 6. Insulator volt- 
age and radio receiver 
output showing more 
interference during the 
negative than during 
the positive half cycles. 


Insulator kv. 
conductor to pin 


r.m.s. maximum 
A— 30....42.5 
Bi 3 ieee 49.55. 
C— 40....56.6 
Barometric 
pressure 760.0 mm. 
Temperature 


dry bulb 21.5 deg. cent. 
wet bulb 16.0 deg. cent. 
Humidity 

relative 56.0 per cent 
absolute 10.6 g.per cu.m. 


Porcelain insulator (66 Kv.) 
with silver and bismuth coat- 
ing on head and in pin-hole 


positive space charge will reduce greatly the field of a 
large negative conductor voltage at the outside bound- 
ary of the corona discharge. 

After the negative voltage wave passes the crest and 
starts to decrease, the negative space charge at the 
outer boundary of the corona no longer is replenished 
by new ionization; hence it begins to diffuse and be lost 
by recombination. This action releases the positive 
space charge and allows it to move more rapidly back 
toward the conductor, which movement tends to in- 
crease the gradient in the space between the positive 
space charge and the conductor. Because of the de- 
crease in conductor potential, ionizing voltage gradients 
prior to actual reversal of conductor potential are 
reached only when the space charge is very large. The 
latter phenomenon does occur, however, for all maxi- 
mum applied voltages in excess of approximately twice 
the maximum visual critical corona voltage. 

When the conductor voltage reverses and becomes 
positive after the described phenomena have taken 
place, the dielectric flux of the residual positive space 
charge adds to the field of the positive potential on the 
conductor. The addition of those fluxes causes the 
critical ionizing voltage gradient to occur at lower and 
lower values of instantaneous positive conductor volt- 
ages as the maximum conductor voltage is increased 
above the visual critical corona value. The resultant 
positive field accelerates the electrons in the surrounding 
space, and when high velocity collisions occur with 
molecules of air, ionization is produced. Large numbers 
of the electrons liberated are swept from the field and 
removed by the conductor, leaving more immobile 
positive ions to add to the positive space charge. 
This increase in space charge increases the dielectric 
flux density and extends the ionizing voltage gradient 
toa far greater distance from the conductor than would 
be possible with the conductor voltage acting alone. 
When the crest of the positive voltage wave is reached, 
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the voltage gradient is at maximum and the corona dis- 
charge stops because the space occupied by the corona 
is completely ionized; the decrease in the conductor 
voltage makes ionization at a greater distance from the 
conductor impossible. As the conductor potential 
decreases it drops below space charge potential and a 
field is established between space charge and conductor. 
The field produces ionizing voltage gradients before the 
conductor voltage reverses, when the space charge 
potentials are very high. This phenomenon occurs for 
maximum applied voltages in excess of approximately 
twice the maximum visual critical corona voltage. 

During the rise in voltage on the positive half cycle 
a much larger positive space charge is established than 
that produced during the same period of the negative 
half cycle. This is because when the conductor is 
positive, the positive space charge flux adds to the 
conductor field and extends the ionization gradient, 
when it is negative, the positive space charge flux 
subtracts from the negative conductor field at the 
outside corona boundary. 

When the conductor voltage reverses and becomes 
negative following the establishment of a large positive 
space charge in the manner just described, a very high 
voltage gradient is produced between the negative 
conductor and the residual positive space charge be- 
cause of the very short distance between them. When 
this voltage gradient reaches the critical ionizing value 
(which may occur before the voltage actually becomes 
negative) breakdown occurs in the form of minute arcs 
which neutralize the space charge. These corona arcs 
produce sudden changes in the electric circuit conditions, 
thereby causing high frequency oscillations of a violent 
character. 


RADIO INTERFERENCE FROM POSITIVE AND NEGATIVE 
CORONA 


Near the critical corona formation voltage the electric 
circuit oscillations and the electromagnetic radiation 
resulting from them. are inherently much worse for 
60-cycle a-c. circuits when the conductor is negative 
than when it is positive. Theoretical considerations 
outlined in the preceding paragraphs indicate that this 
condition is to be expected and experimental investiga- 
tions show a very decided polarity effect under certain 
conditions. For the special 66-kv. porcelain insulator 
with silver and bismuth coatings on the head and in the 
pin-hole, oscillograms taken show avery striking polarity 
effect in the interference radiation. (See Fig. 6.) 

From the experimental investigations it appears that 
the marked difference in radio interference when the 
line is positive and when it is negative, respectively, can 
be observed only when the insulator has a definite 
critical corona formation voltage. When the voltage 
is increased far above this critical value, the polarity 
effect becomes less marked and at still higher voltages 
probably would disappear almost entirely. This 
phenomenon accounts for the fact that practically no 
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interference polarity effect was observable in the tests 
on standard insulators. (See Fig. 4.) On such insula- 
tors there is a heterogeneous group of visual critical 
voltage gradients that cause corona to form in small 
areas at various locations for every different value of 
insulator voltages from approximately 25 per cent 
normal operating voltage up to the flashover value. 
There the polarity effect is obscured because when 
sufficient voltage is applied to produce appreciable 
corona on the insulator, the regions that go into corona 
at low voltage are subjected to an excessive voltage 
gradient and therefore produce practically the same 
interference on both positive and negative half cycles. 


SUMMARY 


The findings of this study may be summarized as 
follows: 
1. Standard multi-shell pin type insulators of conventional design are 
susceptible to corona formation at three different points. 


2. Radio interference and visible corona formation for clean insulators 
start at the same voltage. 


3. Radio interference from insulator corona mey be reduced by (a) 
designing the insulator so as to eliminate regions of overstressed air; (b) 
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providing conducting coatings on different parts to act as dielectric flux 
distributors; and (c) displacing the overstressed air with an insulating 
compound. 


4, Insulator corona current can be separated from the charging current 
and studied independently by means of the cathode ray oscillograph. 


5. Duddell oscillograms of the line voltage, and the audio frequency 
output of a radio set receiving the radiation from an insulator or other source 
of corona, provide an excellent means for studying certain corona 
characteristics. 


6. The radio interference radiation from an insulator having a definite 
critical corona voltage shows a decided polarity effect for all corona voltages 
up to approximately twice the critical disruptive value. 
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The 


of Three-Power Locomotives 


Locomotives for operation from either an 
external distribution system or an internal 
power source are especially well adapted 
to service over portions of road which for 
economic reasons cannot be completely 
electrified. Some of the more important 
engineering features of this type locomotive 
are outlined in this article. 


7 eo THREE-POWER locomotive has 
taken its name from the fact that it may operate either 
from an external power source, which may be either a 
third-rail or overhead distribution system, or from two 
internal sources. The internal sources consist of a 
storage battery and a generator driven by an internal 
combustion engine. While the locomotive may be 
operated from the battery alone, operation on internal 
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power usually is carried out with the generator running 
in parallel with the battery. The New York Central 
Railroad now has in service 36 locomotives of this type. 
These are used primarily in the elimination of steam 
service on the “West Side” tracks of New York City 
where the complete electrification with external power 
would be extremely impractical if not almost impossi- 
ble. With the advent of electrified suburban passenger 
service from Hoboken, N. J., the Delaware, Lacka- 
wanna and Western Railroad also has put into service 
two three-power locomotives to aid in eliminating steam 
from its Bergen (N. J.) tunnels. These are used in a 
combination of transfer and switching service between 
that railroad’s yards in Jersey City (adjacent to the 
Hoboken passenger terminal) and the Secaucus yards 
about 3.5 miles distant. : 


Perhaps the most outstanding feature of the three- 
power locomotive is its great flexibility. On both the 
New York Central and the Lackawanna systems the 
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service demanded a self-propelled locomotive capable 
of handling the heaviest type of switching and short 
transfer work, as well as road freight and transfer ser- 
vice on external power. 

Service on the New York Central consists of switch- 
ing and transfer work in and between yards at three 
different points on its New York City tracks, with 
many sidings leading into warehouses and industrial 
buildings, as well as much trackage on city streets. 
On the Lackawanna system the transfer work consists 
of hauling heavy trains at relatively high speeds on 
external power between the two yards mentioned pre- 
viously; the switching, which must be done entirely on 
internal power, consists of hauling these trains into the 
yards, and partially breaking them up, making up out- 
going trains, and hauling them to the electrified tracks. 
To meet needs of this character the three-power loco- 
motive was developed. 

Although the operating voltages of the two railway 
systems mentioned are widely different (New York 
Central 600 volts d-c.; Lackawanna 3,000 volts d-c.) 
the general characteristics and scheme of operation of 
both locomotives are quite similar. (See Table I.) 
When using external power the unit performs exactly 


Table I—Specification Data for N.Y. Central and Lackawanna 
Three-Power Locomotives 


N.Y.C. D.L. & W. 
Weight of locomotive in running order. ...257,000lb....... 248,000 Ib. 
Rated voltage on external power......... 600 (3rd rail) . . .3,000 (trolley) 
Continuous hp. on external power........ i BOORLE Wee states 1,450 
Hourly hp. on external power............1,665..0:..-.s¢.. 1,600 
Continuous tractive effort..........:.... 24 GOO Desh een 22,200 lb. 
Hourly tractive:eforti. cecenn wii ccs SAy;LOOMUDeieicrehas 25,200 Ib. 
Speed on external power at continuous 
tractive ChOrtiavc veces okies eaisele cere 19.8 mi. per hr.. . 24.5 mi. per hr. 
Speed on external power at hourly tractive 
GMO Ei atch scovae occu et eee ce Tee 18.3 mi. per hr.. . 23.8 mi. per hr. 
Maximum tractive effort (25 per cent 
Bcdhoaion) ctr oar <5 eiakaveletere = Grower ene 64,2501b........ 62,000 Ib. 
Traction motors 
Nema DOM ss crerecotverabe rave re sss teteteas ways recs Acetate isto mirtatercts/ ens 4 
TE VDO Sete (oie ra Pee aaa alice pag Metetenaetave Axle-hung...... Axle-hung 
VOltage. 2 eeiiaaaiin Sete. wet enketa. GOONS oo creates 1,500 /3,000 
Gearing sen ties a bate eae PHOS Gere ee Ree 72/17 
Verttilationnt Aerie. oat narctemieiatde asete HOrced.. 75 amare Forced 
Oil engine 
LEWD sich Seittea een tettee aie sea Ingersoll-Rand Ingersoll-Rand 
solid injection solid injection 
FLOrsepo Wer risicis sits errs eee ee BOO Terres omtaeens 300 
FEraCuiOnN PeneratOr sa. panei ee Cieieeete ZOO Wow eerie 200 kw, 
Battery 
sag 9 a GARR arin MS ar OGG KO tb. Exide Ironclad Exide Ironclad 
TL-27 MVA-21 
INUMmber Of Cells: >... ne cei ieie 240% 2 te aturertets 360 
Ampere-hour capacity at 6-hr. rate of 
Gischarge: sco. Ae devon oes ae ODO Fee 340 
Kw-hr. capacity at 6-hr. rate of dis- 
CHATZE.f see ka ae eee tee ee SUL. Pa eee 242 
Average voltage at 6-hr. rate of 
CISCHAIRO' hee sretere acetncie heres 464 4,.Go ademas 712 
Connection of ‘cellsii2... so. Seriess,:: Fosse Series 
Grounded at... vice ten eo ce a NeR aul Ven eee Negative 
Control 
ARV DG evi eciete as tals s 4c ee eRe ee eee Electro-pneu- Electro-pneu- 
matic, non- matic, non- 
automatic automatic 
Motor combinations on _ external 
IO WiGtumiece tre restates. cs als. © 5 trea) seal eer B..Quliscaaern eters 2 
Motor combinations on _ internal 
POW OM erika Mises lle s-seb. wissen Baas, ifs, ala, te tebe tees 3 
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as a straight electric locomotive although the engine- 
generator set may be run to charge the battery. On 
non-electrified tracks, power may be taken from the 
battery alone; however, if the engine-is running, trac- 
tion and auxiliary power are taken entirely from the 
engine-generator set up to its capacity, above which the 
battery automatically assumes the excess load. On 
light loads the engine-generator may run the locomotive 
and charge the battery at the same time. 


GENERAL REQUIREMENTS FOR INTERNAL POWER PLANT 


The average power required for switching service is 
small while the peak demands are relatively large. The 
theory upon which internal power operation of the 
three-power locomotive is based is that the battery will 
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Fig. 1. Battery discharge in heavy switching 
service on internal power only, as a function of time 
that oil engine is running 


provide the excess power required for the peak demands, 
thereby allowing the engine size to be cut to a minimum. 
Extensive tests to determine the actual extent of these 
power requirements in heavy switching service on inter- 
nal power were run in 1928 on the first New York 
Central locomotive built. The average output for the 
maximum observed day for three-shift service was ap- 
proximately 500 kw-hr. which gives an average load of 
62.5 kw. per eight-hour shift. The average work for 65 
shifts of three-shift service was 447 kw-hr. per shift. 
Frequently peak loads as high as 800 kw. were recorded, 
which is more than twelve times the maximum observed 
average load per eight-hour shift. 

In later tests made on the Lackawanna locomotives, 
the ratio of the average power required in switching to 
that required in transfer work proved to be approxi- 
mately 50 kw. to 450 kw. or 1 to 9. It is believed that 
this is the first case where actual data have been ob- 
tained which show the relative amount of work done on 
the main and yard tracks. Switching service in these 
tests called for frequent short periods of operation at 
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from 200 to 400 kw. with peaks of 800 kw., while trans- 
fer work had peaks as high as 3,000 kw. 

For long battery life and reasonable maintenance, the 
battery discharge for each 24 hours the locomotive is 
operating in three-shift service should be limited to 125 
per cent of the total capacity at the six-hour rate. To 
limit the battery discharge to this value successfully it 
is essential that the correct generator characteristic be 
used. This characteristic should be such as to insure 
the engine-generator unit carrying the entire load up to 
its capacity, but not to recharge the battery so rapidly 
that the engine must be shut down frequently to prevent 
overcharging. Without the engine the battery must of 
course supply the entire load, which results in the dis- 
charge over a 24-hr. period being considerably greater 
than with the engine running most of the time. Initial 
tests showed that the engine should be run at least 70 
per cent of the time to meet these discharge limitations. 
However, a generator characteristic low enough to in- 
sure engine operation 70 per cent of the time is too low to 
give the battery an equalizing charge; therefore two 
generator characteristics are necessary; (1) a normal 
characteristic for regular operation, and (2) a higher or 
equalizing characteristic for use periodically to give the 
battery a gassing charge. 

Minimum size of the battery is fixed by the traction 
motor characteristics and locomotive weight on one 
hand and speed requirements on the other. The former 
determine the maximum current which may be drawn 
from the battery as limited by adhesion, and the latter 
the number of cells. With traction motors in parallel 
the total current values for the New York Central loco- 
motive at various adhesions range from approximately 
2,500 to 3,700 amperes. A battery selected for this 
locomotive must be large enough to deliver these cur- 
rents and to carry successfully at least 4,000 amperes for 
a period long enough to blow the 2,500-ampere battery 
fuses. Because of the decreased available capacity of 
the battery at high discharge rates, it is not practical to 
operate this type of locomotive on internal power at 
high adhesion and high speed for any great length of 
time. However, the extreme load conditions given 
above are possible for short periods and must be met 
successfully in practical operation. 

In ease of necessity it is possible to operate these 
locomotives at high adhesion over considerable distances 
by running at reduced speeds with the motors in series 
or series-parallel. In such cases the current to the 
motors is reduced to one-quarter or one-half of the value 
which would be required with the motors in parallel for 
the same total tractive effort. As the engine-generator 
set will continue to deliver its full power, all of this 
reduction in current is taken from the battery discharge 
rate, thus greatly increasing its available capacity. In 
addition to this, the increase in available kilowatt-hour 
capacity of the battery increases the duration of the 
movement and to this extent increases the kilowatt- 
hours delivered by the engine, thus further increasing 
available mileage. For fast and responsible operation of 


JANUARY 1932 


the locomotive it is advantageous to have the battery 
voltage near the rated voltage of the traction motors. 


INTERNAL POWER PLANT OF THE NEW YORK CENTRAL 
LOCOMOTIVE 


As a result of the initial tests and the weight and 
speed considerations just outlined, a design for the 
New York Central locomotive was adopted to meet the 
following specifications: 


Battery short time current rating—2 min.—3,000 amperes 
Engine hp.—300 
Assumed time engine running—85 per cent 
Maximum amount battery may be discharged in 24-hr. period (125 per cent 
of capacity at 6-hr. rate): 
812 ampere-hr. in 24 hr. 
271 ampere-hr. per 8-hr. shift 
114 kw-hr. per 8-hr. shift (average discharge volts 420) 
See Table I also 


Effect upon the battery discharge of the percentage 
of time the engine operates is shown in Fig. 1. These 
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Fig. 2. Operating characteristics of New York 
Central three-power locomotive 


curves are plotted from data taken during the tests on 
the initial New York Central locomotive. For the 300- 
hp. curve a number of points was obtained between 45- 
and 75-per cent operation, the curve being extended 
somewhat beyond these values upon reasonable assump- 
tions. The 200-hp. engine curve is based largely upon 
assumptions since only one point (93 per cent) was 
available from the test data, this test being made by 
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setting the fuel finger of the oil engine governor to limit 
the engine output to 200 hp. 

With a 300-hp. engine running 85 per cent of the time 
the battery discharge will be equivalent to approxi- 
mately 15 per cent of the power delivered to the traction 
motors; therefore the maximum average work which the 
locomotive can do per eight-hour shift when operating 
three shifts per day on internal power is 114/0.15 = 760 
kw-hr. Using Fig. 1 and interpolating for the 250-hp. 
engine, it may be shown that a 250-hp. engine might 
have been used successfully with the 301-kw-hr. battery 
to meet the requirements of 500 kw-hr. per shift. How- 
ever, it was thought advisable to allow some margin for 
contingencies; hence a combination of a 300-hp. engine 
with a 301-kw-hr. battery finally was chosen because of 
the greater margin of capacity per shift as well as the 
ability to use an oil engine which had been thoroughly 
proved in railway service. Characteristics of this loco- 
motive on both external and internal power are shown 
in Fig. 2. 

The oil engine finally chosen for both the New York 
Central and Lackawanna locomotives is the Ingersoll- 
Rand 300-hp. vertical, six-cylinder, four-stroke-cycle, 
trunk-piston, single-acting type with direct fuel injec- 
tion. The engine is controlled by a constant-speed 
governor which regulates between 550 r.p.m., full load, 
and 575r.p.m.,noload. The engine is direct-connected 
through a flexible coupling to a six-pole, self-excited, 
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Fig. 3. Battery and generator characteristics of 


Lackawanna three-power locomotive 


compound-wound, 200-kw. generator of the single- 
bearing type, with multiple self-ventilation. 


SELECTION OF GENERATOR CHARACTERISTIC 
In Fig. 3 are shown the generator characteristics and 
the battery volt-ampere charge and discharge character- 
istics of the internal power plant of the Lackawanna 


locomotive. These characteristics are representative of 
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general three-power locomotive practise. When the 
battery is fully charged, any rate of charge however 
small will produce gassing; if the charging rate be high 
enough, gassing will occur with the battery in any state 
of charge, although the rate may be reduced during the 
latter part of charge to a value which, unless abnormally 
sustained or occurring too frequently, will produce so 
small an amount of gassing as to be practically harmless. 
This value is called the finishing rate and is point B in 
Fig. 8. The charging rate at the end of the charge 
should be confined between the finishing rate and one- 
half of the finishing rate. Consequently, line AB 
represents the volt-ampere charge characteristic of the 
battery at finish of charge condition. The ability of 
the battery to absorb high charging rates at the start of 
charge is indicated by point D; this is the maximum 
charging rate recommended; hence, line CD is the volt- 
ampere charge characteristic at start of charge. Line 
DB represents the theoretical generator characteristic 
which would charge the battery in the minimum time, 
and AC that which would produce a constant current 
charge at one-half the finishing rate; therefore, the area 
ABDC includes all values of current and voltage that 
may be used to charge this battery under permissible 
conditions, and the generator characteristic should 
intersect lines AB and CD and lie between lines BD 
and AC. The generator characteristic also is restricted 
by the 200-kw. output curve of the engine-generator set. 
To allow delivery of approximately full engine load over 
the whole range of battery discharge, the generator 
characteristic should pass near point G and lie close to 
the 200-kw. curve at voltages below G. 


The higher generator curve in Fig. 3 meets these 
requirements and is suitable for giving the battery an 
equalizing charge, but is too high to permit the engine 
to run a sufficient percentage of the time to keep battery 
discharge within the daily limit of 125 per cent of rated 
capacity without overcharging. Therefore, the lower 
curve is used for normal charging and the higher charac- 
teristic for periodic equalizing charges. 

When using the normal characteristic, the charging 
rate at the end of charge is less than one-half the finish- 
ing rate, but with a properly shaped characteristic and 
the engine running almost continuously, the battery 
will be maintained between equalizing charges in a 
satisfactory state somewhat below full charge. Use of 
the low generator curve for normal charging has the 
further advantage of allowing a margin for variation of 
characteristic between inspections, without the risk of 
overcharging the battery seriously, which might happen 
if the engine speed increased and the equalizing charac- 
teristic were being used in daily operation. 

Control is arranged so that whenever the locomotive 
is operating on internal power and the traction motors 
are connected to the battery generator bus, the genera- 
tor is transferred to the higher characteristic automati- _ 
cally. This is permissible because usually unless the 
battery is in a very low state of charge, the traction 
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motor load is sufficient to hold the generator voltage 
below the point where high charging rates will occur. 


This arrangement permits the use of a more drooping ~ 


curve without dropping the traction power character- 
istic below point G. The necessity for a drooping curve 
may be appreciated better when it is considered that the 
battery is intended to deliver only 42 per cent of its 


Fig. 4. Lackawanna three-power locomotive haul- 
ing a train on internal power 


Over-all dimensions of locomotive 


Length inside knuckles—48 ft. O in. 

Total wheelbase—34 ft. 1 in. 

Height over-all (pantograph locked down)—15 ft. 2 in. 
Width over-all—9 ft. 11 in. 

Maximum curvature—30 deg. 

Truck centers—25 ft. 10 in. 


capacity per eight-hour shift, whereas a generator 
characteristic lying along the line BD would give the 
battery a complete charge in four hours if applied con- 
tinuously from full discharge and neglecting the small 
auxiliary load. 


CONTROL OF THE INTERNAL POWER PLANT 


Both the New York Central and Lackawanna loco- 
motives have a three-speed control on internal power. 
The series or lowest speed connection develops maxi- 
mum tractive effort with minimum current from the 
battery generator unit, allowing most slow switching 
movements to be made almost entirely on the engine- 
generator set without using battery current. 

On both locomotives transfer from external to inter- 
nal power is controlled by a potential relay and is 
automatic upon loss of external power, although the 
automatic feature is selective on the New York Central 
locomotive because of power interruption on third rail 
gaps when transfer to internal power is not desired. 
Transfer from internal to external power is accomplished 
by turning the controller handle to the “off” position 


and then notching out, which is necessary because Olen 


going from a lower to a higher voltage power source. 
Indicating lights show whether operation is from inter- 
nal or external power and whether collector shoes or 
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pantograph are in contact with the third-rail or trolley 
wire. 


The engine is started by motoring the generator from 
the battery through the starting resistance, the maxi- 
mum field for starting being secured by short circuiting 
the generator shunt-field resistance. A reverse-current 
relay connects the generator to the battery when the 
proper generator voltage has built up; likewise it dis- 
connects the generator should the generator voltage 
drop below that of the battery. To give the battery its 
weekly gassing charge the equalizing charge switch is 
closed, short circuiting a section of the generator shunt- 
field resistance. 


Fuel oil is delivered to the engine through an elec- 
trically operated valve, which, should low lubricating oil 
pressure or overspeed occur, is closed automatically by 
means of an oil pressure switch or speed limit switch, 
respectively. The same rheostat values are used on 
both internal and external power on the New York 
Central locomotive. Control of the battery-generator 
combination is practically the same on both locomotives. 
On the Lackawanna locomotive, however, because of 
the great difference between internal and external power 
voltages, a set of contactors is employed to rearrange 
the resistor steps to secure proper operation on internal 
power. 


AUXILIARIES 


Auxiliaries on the New York Central locomotive 
operate automatically from the third rail when avail- 
able, but on the Lackawanna locomotive these run at 
all times on internal power, as this scheme is simpler 
and less expensive than furnishing auxiliaries for 3,000- 
volt operation. 

Operating cabs are heated by hot water from the oil- 
engine cooling system. When working on external 
power, electric immersion heaters operating from the 
third-rail or overhead trolley are used to heat the cool- 
ing system water for cab heating as well as to prevent 
freezing. 


CONCLUSION 


The three-power locomotive has a field of its own and 
is not intended to supplant the straight oil- or gas-elec- 
tric unit generally. The work of the locomotive when 
operating on internal power must be sufficiently inter- 
mittent to allow the battery to be maintained in a satis- 
factory state of charge. Heavy switching and short 
heavy transfer work on internal power or a combina- 
tion of both, together with external power operation, 
offer conditions for which this type of locomotive is best 
suited. With its internal power feature, this locomotive 
approaches a universal locomotive for road freight, 
transfer, and switching service on sections of track 
which, for economic or practical reasons, could not be 
electrified completely. 
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Standardizing 
Sizes and Ratings 


Marked economies may be secured by 
standardizing industrial products to elimi- 
nate all unnecessary sizes and ratings. 
Based upon a system of “preferred num- 
bers,” selection of desirable sizes may be 
made with reasonable accuracy through 
the use of algebra and geometry supple- 
mented by judgment and common sense. 


By 
R. E. HELLMUND 


Fellow A.I.E.E. 


Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


Gre and producers of indus- 
trial products both are vitally interested in the most 
economical method of standardizing the sizes and 
ratings of such products. The consumers are interested 
because they bear every item of cost entering into both 
themanufacture and the use of an article; the producer be- 
cause he will not be successful unless he can meet the 
requirements of the consumer in the most economical 
manner. In other words, the interests of the two in this 
respect are identical. If further it is realized that all 
of us are consumers of industrial products, and that the 
large majority of us are involved also in one way or 
another in production, it is evident that the subject is of 
very general interest and that an early and economically 
correct standardization of any type of product will prove 
of advantage to everybody. 

However, in spite of the common interests of con- 
sumer and producer and the fact that most of us are 
both of these, a solution of this matter frequently is 
delayed because there are differences of opinion regard- 
ing the best choice of sizes or ratings. Such differences 
usually are due to the inclination on the part of most 
individuals to overemphasize those points which in 
the absence of proper methods of analysis happen to 
come closest to their attention. For instance, the con- 
sumer who is in need of a certain size of article usually 
hesitates to buy a standard article which is available 
but larger than he requires, because he feels that in so 
doing he spends more money than is necessary to meet 
his requirements. He therefore insists upon the size 
he needs and thus creates a demand for a large number 
of sizes. On the other hand, the producer who is put 
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to great expense for tools, stock-keeping, etc., when 
there are too many standard sizes, frequently will 
overemphasize the importance of standardizing on as 


‘few sizes as possible. All this results in uncertainty 


and confusion when sizes are selected. Further diffi- 
culties arise from the fact that at first, each manufac- 
turer usually establishes sizes and ratings more or less 
independently of other manufacturers of the same 
articles. 

Later on, but generally not until a conglomeration of 
sizes has been established, standardization is attempted 
by those interested. Such efforts are then of course 
greatly handicapped by the clashing of individual 
interests, a condition which is unavoidable because of 
the investments made by the various manufacturers 
for tools and stocks. Even if a compromise is reached 
after considerable effort, it is usually at great expense 
to some or all of those concerned; and because it is 
agreed upon without due consideration of the best 
economic results continued waste may be involved in 
the compromise. 

For the purpose of improving the situation just 
described, a system of ‘‘preferred numbers’’ has been 
proposed during recent years. Unfortunately so far 
little use has been made of it, partly perhaps because it 
has not been sufficiently promulgated, but probably 
more because industry and the engineering profession 
have not yet become thoroughly aroused to the fact 
that this problem of properly establishing sizes and 
ratings is deserving of most serious consideration. As 
their designation indicates, these preferred numbers, 
are certain numbers to be used in preference to any 
others in selecting standard sizes and ratings. They 
are arranged in so-called 5, 10, 20 and 40 series, each 
providing uniform steps between its numbers of 60, 25, 
12, and 6 per cent, respectively. Naturally the general 
adoption of these numbers would be a great step 
forward, but even after their adoption there still re- 
mains the question as to which of the standard per- 
centage steps is the most economical in any given case. 

All this indicates a certain helplessness on the part of 
industry and the engineering profession in this matter of 
establishing sizes and ratings, and it most certainly 
emphasizes the desirability and necessity for a more 
analytical and rational manner of attack upon this. 
important problem. It is the purpose of this article to 
deal with the fundamentals entering into the problem, 
and to show that a reasonably correct analysis is pos- 
sible nearly always through the use of the simplest. 
methods of algebra and geometry supplemented by 
good judgment and common sense. 


AGGREGATE SIZE MANUFACTUERED 


The activity, or number of pieces required, of the 
various sizes of an article may be influenced by many 
factors, but usually it may be assumed to be fairly 
uniform, at least over a certain limited range. With 
this as a basis let us refer to Fig. 1 in which the hori- 
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zontal scale indicates the sizes needed. Let it be as- 
sumed that over the range AB there are requirements 
for the sizes 1 to 7 as indicated. If there are no limita- 
tions imposed by tool costs, cost of stock-keeping, 
manufacturing set-ups, etc., upon the number of sizes 
which can be manufactured economically, there is no 
reason for not building the seven sizes just as they are 
needed. The sizes actually manufactured can then be 
represented by the straight line CD drawn at an angle of 
45 deg. if the vertical scale indicates the sizes actually 
built. Practical cases of this kind are rare, but never- 
theless they do exist. In most cases, however, because 
of the expense involved for development, tools, setting- 
up costs for tools, stock-keeping, and other similar 
factors, we find it necessary to limit ourselves to a 
reasonable number of definite standard sizes. The 
range AB shown in Fig. 1 might be covered, for instance, 
by three sizes, each of which might be assumed to be a 
certain percentage larger than the previous size. 

In such a case the sizes actually built may be repre- 
sented by the “step” curve abcdefg. It is evident 
at once that the aggregate size manufactured is in excess 
of that needed and that such excess is represented by the 
shaded triangles above the line CD. For any economic 
study it will be of value to know to what this excess 
amounts for various values of x which represents the 
ratio of the difference between the two sizes to the 
smaller size. This can be determined by a very simple 
ealculation from Fig. 2, which reproduces one of the 
steps shown in Fig. 1. It readily is seen that the ratio 
of the excess size manufactured to the aggregate size 
needed is the ratio of the area of the triangle c d e over 
the area of the trapezoid klec. This is found to be 


x 
2+ 


In Fig. 4 the upper curve marked K, = 1 has been 
derived from this equation and should prove useful for 
ready reference in economic studies of this kind. At 
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Fig. 1. Diagram illustrating 
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Fig. 2. Excess of manufactured 
sizes over sizes needed 


times the activity decreases or increases with the size. 
Such cases can also be analyzed, but for brevity their 
treatment here is omitted. 


Basic AGGREGATE MANUFACTURING COSTS 


In actual practise we are interested not merely in 
sizes, but usually even more so in costs. The latter 
may be studied by reference to Fig. 3, which shows in 
curve FG the relation of manufacturing costs to size for 
the range under consideration. Such a relationship is 
generally available from previous experience in the 
manufacture of similar articles or designs. Consider 
again a range kl as covered by one standard size and 
make an approximation by replacing the range me of 
curve FG by the dotted straight line ne; from the 
figure it is evident at once, that the ratio of the excess 
cost of the aggregate size manufactured to the cost of 
the aggregate size needed is the ratio of the area of the 
triangle edn to the trapezoid klen. This ratio is 


found to be 
ste pet as Sie 
“ 2+%(2— Ki) 2) 


The excess cost ratio for different values of Ki 
(defined in Fig. 3) plotted against x as calculated from 
eq. 2 is shown in Fig. 4. In many practical cases in 
which other factors subsequently discussed are rather 
simple, suitable values for x can be readily determined 
from Fig. 4 by using proper judgment, especially when 
it is intended merely to choose between two values of x 
as given by the available preferred number series. 


CONSEQUENTIAL Costs AS. DEPENDING UPON SIZE 


A number of cost factors will be influenced by the 
fact that the aggregate size manufactured and used is 
larger than needed. First among these are the packing 
and shipping costs, which will be increased. Fre- 


= 
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Fig. 3. Excess cost of manufac- 
tured sizes over cost of sizes needed 
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quently the fact that the part manufactured is larger 
than necessary also results in certain other parts of a 
design or combination being larger than necessary for 
the purpose. For example, if a bolt is larger than 
needed, the stock around this bolt and the cost for 
drilling and tapping also may have to be increased to 
some extent; again, if a pedestal bearing is larger than 
necessary, the bedplate supporting the pedestal will 
have to be made correspondingly larger. All these 
factors may be of varying importance even with the 
same type of article, depending upon the particular 
application. For this reason an average cost allowance 
will have to be made for a given range under considera- 
tion. These consequential costs will enter into some of 
the final calculations for the total cost, and can be taken 
into account simply by adding certain values to the 
manufacturing costs. 


ENGINEERING DEVELOPMENT AND TOOL COSTS 


When a line of articles is developed, there usually are 
some portions of the cost for tools and development 
which depend upon the number of sizes manufactured; 
in other words, the cost of such tools and engineering 
and development work will be doubled if the number of 
sizes manufactured is doubled. Assume, then, that in 
Fig. 5 this part of the development and tool costs is 
represented by the curve GH in such a way that the 
ordinates at any one point give the development and 
tool cost for a size corresponding to such point. Thus 
the development cost D of the size le would be repre- 
sented by /f. Further, it may be assumed that the total 
number of pieces to be manufactured during the life of 
the design over a given range AB of sizesis N. If this 
activity N is uniformly distributed over AB the total 
number of pieces over the range az will be 


N 
AB 


According to previous consideration, the dotted line 


N,= ax (3) 
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ne may be assumed to be proportional to the sum of the 
manufacturing costs and the consequential costs of the 
sizes as needed, so that the ordinate le = 6 will repre- 
sent the cost C of the size le. 

The development cost D of size le can be evenly dis- 
tributed over all the pieces N, which are manufactured 
of that size during the life of the design. Therefore, the 
development cost per piece will be 

D D (AB) 
One Suen Ee 4) 

If Cz in Fig. 5 is entered in the proper scale, the 
shaded rectangular area may be considered as repre- 
senting the aggregate development cost for the size le. 

In addition to the development and tool costs so far 
considered, there are usually other costs for engineering, 
development, and tools, which are independent of the 
number of sizes manufactured. Examples of this are 
investigations relating to materials or methods, and 
similar fundamental developments. Another example 
is certain tool machinery which can and will be used in 
the manufacture of all sizes. Again, there may be some 
tools which will have considerable wear and which will 
have to be replaced repeatedly during the life of the 
design, so that their total cost will be governed by the 
total production rather than by the number of sizes. 
This also holds true when the production is so great 
that several sets of tools are needed regardless of the 
number of sizes. The costs of the tools just mentioned 
may be eliminated from our considerations. 


COSTS FOR MANUFACTURING SET-UPS 


The manufacturing costs calculated under the head- 
ing “Basic Aggregate Manufacturing Costs’ were 
assumed to be the basic costs and did not include any 
expense for the setting up of tools prior to actual 
manufacture. In practise it is usually necessary in 
changing from the manufacture of one size to another 
to change certain tools and make different set-ups which 
frequently involve appreciable expense. It is customary 
to manufacture at one time a number of pieces equiva- 
lent to the average consumption for a number of weeks 
or months. Ifsuch consumption or activity is N, for the 
range of sizes AB, we find that the activity over the 
range ax for the same period of time is 


s 


AB 


If the total of set-up costs involved when changing 
from one size to another is S we find the set-up costs 
per piece to be 


S S 

CSN SameaaN 
The previous calculations regarding set-up costs are 
made under the assumption that there is reasonably 
great activity for each size and that such sizes are manu- 
factured for stock. There are certain cases of large 


Nez = (5) 
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machinery, however, where practically every machine 
is manufactured as the order is received; thus a set-up 
cost is incurred for every order. If the set-up cost is 
independent of the size, it can be eliminated entirely 
from our calculations, but if it is dependent upon the 
size, it may be considered merely as part of the manu- 
facturing cost and treated as such, as outlined under the 
heading ‘‘Basic Aggregate Manufacturing Costs.”’ At 
times there may be cases between the two extremes 
just discussed which will necessitate calculations repre- 
senting a combination of those outlined. 


Cost OF STOCK KEEPING 


If the articles manufactured are marketed through a 
great number of small dealers, the total stock they carry 
and the expense incurred will be greatly influenced by 
the number of sizes. Assume that the average dealer 
feels that he has to have one or two pieces of each size, 
and possibly certain part stock for each size on hand 
at all times. He then incurs costs for invested capital, 
storage space, etc., proportional to the number of sizes 
carried. Similar costs may be incurred also because 
some of the stock will become obsolete before it can be 
disposed of, necessitating scrapping or selling at a loss. 
For calculations here it may be assumed that all of these 
costs incurred per size are represented by F. Assuming 
further that the activity over the range AB for the life 
of a given design is N; the activity over the range ax 
will be 

N; 
AB 


N Qn = ax (7) 
This means in turn that the stock-keeping cost to him 
for each piece is 


F PF 
Cy = Mies 

If the manufacturer keeps only small stocks and the 
size of his stock is affected by the number of sizes, the 
same as just discussed for the dealer, the calculations 
are of course exactly the same. Similarly, the manu- 
facturer’s stock in district warehouses may be dependent 
upon the number of sizes. 

In the case of a manufacturer dealing with large 
quantities, the total stock kept may be practically inde- 
pendent of the number of sizes manufactured. If such 
is the case, the cost for this stock-keeping may be 
eliminated from the considerations. This applies also 
to part stock which is common to all or to several sizes. 


AB 
a x 


(8) 


Cost OF SPARES AND STOCK IN THE USER’S PLANT 


When the user or purchaser of an article finds it 
necessary to keep a limited stock of each size, the con- 
siderations and calculations again are the same as 
immediately above. The same general principles apply 
regardless of whether this stock is kept for manufac- 
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turing purposes, as spares, or as spare parts for appara- 
tus and machinery operated in the user’s plant. One 
of the principal differences to the user from the costs 
immediately above may be a rather appreciable cost of 
spares because (on account of the importance of con- 
tinuous operation) he may find it necessary to keep a 
complete spare machine in stock for each size when he 
has only one or two machines of each size in operation. 


COST 


Fig. 5. Diagram 

illustrating cost of 

development and 
similar costs 


SIZES NEEDED 


As in previous cases, we can write the following equation 


pot. U tn BCA 
Sa at ae VN, Sek (9) 


in which C,, is the cost to the user for his stock of spare 
material, N, is the activity of the range AB, and Nu. 
the activity over the range az. 

Certain spare parts common to all or several sizes 
again may be neglected in this calculation. 


Cost OF CLERICAL AND ROUTINE ACTIVITIES 


In the manufacture and marketing of most articles 
there are a great many clerical and routine activities. 
When an article is first marketed, certain publications 
and price lists have to be issued. Any part of such ex- 
pense which is dependent upon the number of sizes may 
be readily treated as part of the development cost. 
Certain routine in the works organization, such as the 
entering of orders, might be considered as part of the 
set-up cost, while other clerical activities in connection 
with stock-keeping of course may be combined with the 
cost of stock-keeping. Then again there may be other 
routine activities of a different nature which cannot be 
made a part of any of the costs previously treated, but 
which in nearly all cases may be taken care of in a very 
similar manner and by formulas corresponding to those 
given. Any such clerical or routine activities which are 
independent of the number of sizes may be omitted 
from considerations. 
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TOTAL FIRST COST 


As indicated previously interest is focused chiefly on 
those costs which are dependent upon the number of 
sizes. Some of these as indicated by eq. 2 increase with 
a decreasing number of sizes. While this equation was 
derived for the basic manufacturing costs, it is equally 
correct if the cost curve FG in Fig. 3 is assumed to 
include the costs discussed under the heading “Con- 
sequential Costs as Depending on Size’ as well as 
certain costs indicated in the last paragraph under 
“Costs for Manufacturing Set-Ups.’’ Most of the other 
costs discussed decrease with decreasing number of 
sizes. 

It is now merely a question of carrying through the 
development of a formula giving the sum of all costs and 
finding the ratio R of the total cost to the basic manu- 
facturing cost C, incurred if each size were manufac- 
tured as needed. The value found for F is 


i Cs 
-= 
5 ai ) 
= (14+ Ki >> Kp) 14K: (10) 
where 
to BaD S F 
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C =the cost previously defined in connection with 
eqs. 3 and 4, but including where necessary an 
allowance for costs as discussed in the last para- 
graph under “‘Costs for Manufacturing Set-Ups.”’ 

We thus have a fairly simple and complete formula 
from which it is possible to calculate the total first cost 
for various values of x assuming, of course, that there 
are at least approximate basic data available from which 

K, and K; can be determined. A typical curve calcu- 

lated from these formulas is given in Fig. 6. From it can 

be determined the relation of excess costs over basic 
manufacturing costs for different steps between sizes. 


UTILITY, SERVICEABILITY, AND PERFORMANCE 


Consideration of utility, serviceability, and perform- 
ance has been left for discussion until now not so much 
because it is of less importance than the previous items, 
but because in many cases these three items cannot be 
made the subject of exact calculation. Their influence 
therefore often has to be determined by judgment with 
the aid of such curves as shown in Fig. 6. This will be 
shown in a number of examples. 

Frequently the utility of an article is greatly in- 
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creased if it completely fills a given space. For example, 
often it may be desired to use as large a kitchen range as 
possible within the space available. In view of this it is 
obvious that a line of ranges inclusive of many sizes will 
have greater general utility than a similar line composed 
of fewer sizes. Assume that in a case of this kind the 
cost curve of Fig. 6 applies, giving a minimum first cost 
for x=0.4. Itis evident at once that on account of the 
utility feature, the 10 series of preferred numbers, 
giving 25 per cent steps and corresponding to x=0.25, 
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Fig. 6. An example illustrating ratio of total cost 
to basic cost as related to size of step used 


should be chosen in preference to the 5 series with 60 
per cent steps and x=0.6. Even the 20 series, with 
x =(0.12 and an increased first cost of 6 per cent, might 
be considered. On the other hand, it is more or less evi- 
dent that since the 40 series would increase the first cost 
as much as 20 per cent, probably the choice of it would 
make the manufacturer covering such a large number of 
sizes non-competitive. 

In the case of machinery the question of efficiency or 
other factors of performance have to be considered. 
This then may necessitate an engineering study of such 
factors, and as a result of such study, it may be con- 
cluded that the steps considerably smaller than indi- 
cated by the curve shown in Fig. 6 should be chosen. 

In previous examples the utility and performance con- 
siderations tend toward the use of more steps than indi- 
cated by the cost curves. An example of the opposite 
kind would be where the wear and tear of apparatus is of 
great importance. If but few steps are available, the 
installed apparatus in many cases will be used below its 
full rating, which will frequently reduce the average 
wear. Ina case of this kind the use of the 5 series might 
be resorted to with the cost conditions of Fig. 6, indi- 
cating for the 5 series an increased first cost of only 1 
per cent over the minimum. 

Other instances where the utility favors the use of 
larger steps are those of machinery where there is a 
likelihood of the load increasing as time goes on. If in 
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such cases few steps are used and if as a consequence 
many of the applications are underloaded to begin with, 
the necessity for installing new and larger machines will 
be minimized. Another factor which is frequently of 
importance with regard to the utility of an article is its 
interchangeability with other similar articles. The 
possibilities for such interchangeability are better of 
course with fewer sizes, and therefore with cost condi- 
tions as indicated in Fig. 6, this consideration might 
lead to the choice of the 5 series in preference to the 10 
series. 

Even when several of the previous factors have to be 
taken into account, the proper choice of x usually does 
not present great difficulties after curves as given in 
Fig. 6 are available. 


MISCELLANEOUS FACTORS 


A number of miscellaneous factors may enter into the 
picture. Assume, for instance, that a new type of 
apparatus is being developed and that there are uncer- 
tainties regarding the design and various commercial 
factors, all of which may bring about changes in the 
design sooner than contemplated. If in such a case 
Fig. 6 indicates the cost condition, it would seem to be 
good judgment to start with the 5 series, with plans for 
filling in later on to obtain the 10 series after experience 
has been acquired. 

In actual practise, too few sizes may entail extra 
expenses which cannot be included readily in the cost 
calculations as previously given. If, for example, 
shafts of various sizes are machined from the round 
stock, the cost of machining many of the shaft sizes 
will be increased if the number of stock sizes of the raw 
material is decreased. If Fig. 6 is assumed to apply toa 
cost study of this kind and the extra cost of machining 
has not been included in the calculation, it at once is 
evident that the 20 series is likely to be the best choice. 
Of course the manufacturer cannot ignore completely 
his own commercial situation; for example, it is evident 
that a manufacturer having a greater number of sizes 
available, is likely to secure a larger proportion of busi- 
ness than one having fewer sizes. This in itself might be 
a deciding factor in favor of choosing the 20 series in 
preference to the 5 or 10 series in a case covered by the 
curve of Fig. 6. 


PREFERRED NUMBERS 


In the foregoing, repeated reference has been made to 
“preferred numbers” and it has been taken for granted 
in the examples cited that in every case one of the 
standard series should be chosen. While such curves 
as shown in Fig. 6 may indicate a minimum for values 
of x, which are different from those corresponding to 
one of the preferred series, it fortunately is true that 
near the minimum these curves are rather flat. This 
means that after considering some of the utility features 
or similar factors, it nearly always is possible, as indi- 
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cated by the examples given, to choose one of the 
standard series to good advantage. There may be 
exceptional cases where for some reason or other this is 
not advisable or possible. Thus it may happen that the 
most economical conditions can be obtained with steps 
much larger than the 60 per cent steps of the 5 series. 
For such a case, 100 per cent steps can be readily ob- 
tained by using every third step of the 10 series; or 150 
per cent steps will result from the use of every second 
step of the 5 series. In fact, nearly every condition 
encountered in practise can be taken care of by using 
some combination of figures chosen from the preferred- 
number series. 

In the space here available it has been impossible to 
treat all the conditions which may be encountered in 
the great variety of industrial products; each case will 
be somewhat different and therefore various methods of 
attack will have to be used. The principal purpose of 
this brief outline is to stimulate interest in this im- 
portant subject of standardizing sizes and ratings. The 
fundamentals discussed are intended merely to assist in 
a more rational solution of the problems. If they are 
judiciously applied, together with an increased adoption 
of preferred numbers, marked economies to both the 
consumer and the producer of industrial products un- 
doubtedly will result. 


Cooperative Instruction 


in Engineering Schools 


Arnoucs the cooperative method 
of instruction is assured a permanent place in engineer- 
ing education, cooperative courses in general still are 
considered to be in an experimental state of develop- 
ment. Ina current A.I.E.E. paper (see footnote) by 
D. C. Jackson, Jr. (F’30) of the University of Kansas, 
some well known factors controlling the establishment 
of this plan of education are reviewed as are some of the 
general methods of applying it to various types of 
institutions. 

While the author states that ‘‘no exact conclusions 
can be drawn concerning the general principles govern- 
ing the installation of the cooperative method,” he 
expresses the belief that it is not universally applicable 
to engineering schools and polytechnic institutes; nor is 
there any one best method of using it. 


Abstracted from ‘‘Application of the Cooperative Method of Instruction to 
Engineering Schools and Polytechnic Institutes’? (No. 31-113) by D. C. 
Jackson, Jr., presented at the A1.E.E. summer convention, Asheville, 
N. C., June 22-26, 1931. 
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Steam vs. Electricity for 


Driving Power Station Auxiliaries 


During the past few years important changes effected in power station and system 
design have reduced operating expenses materially. At present, however, station 
designers are giving more attention to the reducing of investment costs. This 
reduction of plant investment quite naturally affects the plant auxiliaries as well as 
other station equipment. Many large stations built recently have practically all 
of the essential as well as the non-essential auxiliaries driven by electricity; but 
in other recent stations steam driven auxiliaries have been used quite extensively. 
In the light of present conditions and past operating experience, therefore, the 
A.|.E.E. power generation committee felt that a review of the characteristics and 
merits of both steam and electric drives would be in order. Accordingly, this 
committee has sponsored three papers to be presented at the Institute's forthcoming 
winter convention, and upon these papers the following three articles are based. 


I—Importance of 


Reliable Auxiliaries 


By 
F. H. HOLLISTER 


Member A.I.E.E, 


Sargent & Lundy, 
Inc., Chicago, Ill. 


A WELL DESERVED reputation for 
continuity of service is enjoyed by the electric service 
industry as a whole. The public has become accus- 
tomed to receiving continuous service; furthermore, 
the large investments of the power station companies 
and of their industrial customers demand an uninter- 
rupted supply of energy. One of the most important 
factors vitally affecting continuity of power service is 
the reliability of generating station auxiliary equipment. 
Reliability therefore well deserves all the careful atten- 
tion that has been devoted to it in these articles. 


The valuation of variable speed auxiliaries makes an 
interesting study in the application of auxiliary drive. 
In the past, station designers have used variable speed 
drives for fans, pulverizer mills, boiler feed pumps, and 
circulating pumps quite extensively. However, recent 
developments in the manufacture of auxiliary equip- 
ment and station design have made variable speeds less 
necessary, the one exception to this trend being boiler 
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feed pumps for high pressure boilers. The article on 
steam driven auxiliaries (Dryer) brings out very clearly 
the advantages of the steam turbine as a simple and 
efficient means for obtaining variable speed drive. 

Another important point brought out in these articles 
is that the type of drive best suited to essential auxilia- 
ries such as fans, boiler feed pumps, and circulating 
pumps, is related closely to, and dependent upon, the 
general design of the station. Station design in turn is 
influenced by the relation of the station to the balance 
of the power system with respect to interconnections, 
size, and location. For instance, a power station that 
forms the chief source of supply for an area, and that 
does not have reliable interconnections with other 
power systems, quite apparently warrants more reserve 
equipment and must have a greater number of steam 
driven auxiliaries for starting up purposes than a station 
forming a part of an interconnected system. Further- 
more, a new power station forming a part of a large 
interconnected group may be designed and built to oper- 
ate at a better load factor than a comparatively isolated 
station thereby reducing the need for variable speed 
auxiliary drives. 

Selection of an auxiliary drive is affected also by the 
kind of fuel and fuel burning equipment used, as well as 
by station space limitations. Gas- and oil-fired boilers 
as well as those burning pulverized fuel are somewhat 
more flexible than stoker fired boilers and therefore can 
be taken out of service more readily with changes in 
load. This favors the use of constant speed electric 
drive. On the other hand, where the bin system of 
pulverized fuel supply is used, exhaust steam usually 
is required to dry out the coal, thus justifying the use of 
some steam driven auxiliaries. In addition, if ground 
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and building costs are high and variable speed is 
required, the use of steam driven auxiliaries may result 
in an appreciable saving. 

It is interesting to note that the total auxiliary power 
used by a modern station is a relatively small part of 
the gross generated power, being approximately from 
4.5 to 6 per cent; hence a radical saving in auxiliary 
power cannot be expected from any type of drive. 
Likewise, the investment cost in auxiliary power in- 
cluding drive and control equipments is a relatively 
small part of the total station cost, being in the case 
cited for electric drive (Smith) approximately 7 per cent 
of the total station cost. Apparently station designers 
are more or less free to use either type of drive without 
seriously affecting either the cost or the efficiency of a 
power station as a whole. Electric drive is favored for 
essential auxiliaries from the standpoint of convenience 
and cleanliness in operation, and also because it is 
more readily adapted to automatic and remote control, 
particularly in the boiler room. 

As regards maintenance costs, a comparison between 
steam and electric drive would be of interest; however, 
representative figures are difficult to obtain, chiefly 
because sufficient time has not elapsed since the more 
modern stations were placed in operation. In addition, 
during the last few years the advancement in station 
design has been so rapid that it is difficult to find sta- 
tions of sufficient similarity to make a fair comparison. 

In passing to the other two articles of the group it 
may be said that the treatment is inherently one of 
generalities because of the many factors that may enter 
into the selection of an auxiliary drive. Discussion of 
the subject matter, however, should be of interest in 
bringing out points for consideration when determining 
the type of drive best suited for any specific application. 


II—Steam Driven 


Plant Auxiliaries 


By 
W. POOLE DRYER 


Associate A.I.E.E. 


Stone & Webster 
Engg. Corp. Boston 


Revrasiviry may be set down as the 
most outstanding requirement of electric power station 
auxiliaries since, among other things, an uninterrupted 
supply of power depends upon the ability of the essential 
auxiliaries to function continuously. Thus any arrange- 
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ments made for guaranteeing the operation of these 
auxiliaries should be appropriate to the degree of service 
reliability expected from the station. These arrange- 
ments for station auxiliaries involve the furnishing of a 
reliable supply of energy as well as turbines, motors, and 
accessory equipment which are free from physical 
defects and which possess suitable operating charac- 
teristics. Considerations secondary to this first re- 
quirement of reliability are simplicity, initial cost, 
maintenance expense, and economy of power. 

For greatest reliability, essential auxiliary driving 
units must be supplied with energy free from distur- 
bances which would interrupt their operation. To the 
extent that the source of supply is exposed to those 
disturbances, arrangements must be made to limit the 
effect of any single disturbance to as few auxiliaries as 
possible, and to provide a duplicate source immediately 
available should the primary source fail. Minor dis- 
turbances such as slight reductions in steam pressure or 
voltage are to be expected and provision against them 
should be included in the design of the drives. The 
question which naturally arises then is “to what extent 
is the provision of a duplicate source of supply advisable 
when the essential auxiliaries are steam driven; and to 
what extent when motor driven?” 


RELIABILITY OF AUXILIARY STEAM POWER 


Disturbances threatening interruption of the auxiliary 
service may originate either within or without the sta- 
tion. In properly designed and operated stations with 
turbine driven auxiliaries, no external circumstances 
can disturb the characteristics of the steam supply to 
an extent which will prevent the auxiliaries from always 
having available sufficient driving power of suitable 
characteristics. If not anticipated and arranged for, 
one circumstance which could interfere with the ability 
of the steam power to sustain the proper operation of 
auxiliaries would be the sudden imposition of an abnor- 
mally large electrical load on the station. By overtax- 
ing the evaporating ability of the boilers, the pressure 
in the steam system might be lowered to the point at 
which some essential auxiliaries would “lie down.” 
The station then would fail to deliver not only its addi- 
tional load requirements but also its original load. 
With this contingency recognized in the modern station, 
and provided for by holding banked boilers in reserve, 
by accepting load at a rate appropriate to the steaming 
ability of the boilers, the operation of steam driven 
auxiliary equipment remains immune to external 
disturbances. 

Troubles originating within the station and affecting 
the steam supply to the auxiliaries enough to prevent 
their operation could be caused only by conditions 
resulting in an excessive lowering of the steam pressure 
at the throttles of the auxiliary turbines. Under such 
conditions, certain types of pulverized fuel mills which 
require a substantially constant torque regardless of 
output would stop. This might result in the boilers, 
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Fig. 1. Energy diagram 
for a station generator 
unit with all essential 
auxiliaries steam driven 
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being inadequately supplied with fuel, failing to sustain 
steam pressure. Such excessive decrease of steam pres- 
sure, however, is preventable and never encountered in 
stations properly designed and operated. 


RELIABILITY OF AUXILIARY ELECTRIC POWER 


So far as the supply of energy is concerned, a station 
with electrically driven auxiliaries supplied from a 
single energy source would not be as reliable as the 
station with turbine driven auxiliaries. Once the steam 
energy destined for auxiliaries is transmuted into elec- 
trical energy for use in motors, it enters an additional 
realm wherein its stability is both more sensitive to 
disturbance and more subject to unexpected attack. 
Hence, to attain the same degree of reliability as in the 
station with turbine driven auxiliaries, the station with 
motor driven units must have duplicate sources of 
energy. 

Since service from the auxiliaries must possess a 
higher degree of reliability than the main electric power 
supply, the auxiliaries must be supplied with energy 
from at least one source not connected to the main 
generator or to the outgoing lines. This entails fur- 
nishing for the auxiliaries at least one generator which 
may be driven by either the main turbine or by a 
turbine introduced solely for this special purpose. In 
important cases, two special generators are used, one 
driven by each of these turbines. This is done fre- 
quently in “‘downtown”’ stations of metropolitan sys- 
tems, where it is considered essential to keep the 
auxiliary system always free from the effects of external 
disturbances. 

Not only is it necessary to provide special generators 
and sometimes duplicate distributing systems in stations 
with motor operated auxiliaries, but it is customary for 
such important auxiliaries as boiler feed pumps and 
exciters to rely upon turbines as an ultimate resource. 


RELIABILITY OF TURBINES AND MOorTors 


The ultimate reliability of any auxiliary equipment is 
the compound reliability of its power supply and of the 
performing abilities inherent in the apparatus itself. 
Regarding the inherent structural qualities of auxiliary 
turbines, these machines in their main parts are sturdy, 
and, as a concession to low initial cost, simple and 
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Heavy lines indicate auxiliary equipment and lines which 
must function continuously to prevent interruptions 
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inefficient compared to the main turbine units. Their 
parts most questioned are the reduction gears, governors, 
and valve mechanisms. However, the art of gear-cut- 
ting now has been developed so that gears seldom give 
trouble without ample warning. Governors and valve 
mechanisms are less certain in operation unless particu- 
lar skill is applied to their design. 

As a basis for evaluating the degree of structural 
reliability of turbines, they may be compared with the 
more usual types of motors: the squirrel cage, and the 
adjustable-speed wound-rotor types. The simplicity 
of the construction of squirrel cage motors and their 
accessories probably place them in approximately the 
same grade of inherent reliability as turbines.- Wound 
rotor motors and their accessories, however, involve 
parts and constructions which may be preferred only 
through consideration of power economy. ‘Thus, re- 
garding inherent qualities, it might be said fairly that 
in the case of constant speed equipment, steam driven 
auxiliaries are as reliable as those electrically driven; 
and in the case of variable speed equipment, they are 
more reliable. 

A further aspect of inherent performance reliability 
in the driving apparatus itself is the relative ability of 
turbines and motors to drive variable speed equipment 
smoothly and without transitional disturbances, partic- 
ularly draft fans. On such duty, the turbine, with its 
infinite number of speeds, performs evenly. The wound 
rotor motor, with its step action transition in speeds, is 
more likely to cause disturbance in burner flames; and 
further operating complications are encountered in 
changing from the motor of one speed to that of another. 


RELATIVE EFFICIENCY OF TURBINE AND MOTOR DRIVES 


Despite their reliability and simplicity, turbine 
driven auxiliaries were displaced to a large extent when 
it was discovered that a fuel saving could be made if 
steam for producing auxiliary power first was passed 
through efficient main turbine units to produce electric 
energy, and then extracted for water heating, instead of 
being passed through small inefficient turbines driving 
auxiliaries mechanically and then into feed water 
heaters. The fundamental reason for this gain in 
economy is that the surplus energy thus made available 
is produced much more economically than the rest of the 
station output energy because the steam required for 
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generating this surplus energy extracted is for heating 
the boiler feed water. Asa result, this steam is utilized 
at a station thermal efficiency of between 90 and 100 
per cent, whereas the steam used for generating the 
rest of the output energy is carried into the condenser, 
where most of its original heat energy is lost, and so is 
used at an efficiency between 20 and 35 per cent. 


With regard to the economy actually effected by these 
changes the examples illustrated in Figs. 3 and 4 show 
that by substituting motors for turbines on all essential 
auxiliaries, and by heating the feed water with extracted 
steam instead of auxiliary exhaust steam a modern 
station’s net output for a given fuel consumption is 
increased at maximum load about 1.75 per cent; the 
over-all thermal efficiency of the turbine-driven auxiliary 
station is 24.4 per cent; for a station with motor 
drive it would be 24.8 per cent. In this comparison 
other conditions have been kept similar. It may be 
observed that in Fig. 3 less steam is needed for water 
heating than in Fig. 4. This is because the auxiliary 
turbine in Fig. 3 is inefficient. Asa result, hot steam 
is exhausted, less of which is required for feed water 
heating than is needed of the cooler steam extracted 
from the efficient main turbine; however, the greater 
the percentage of the total steam in the main turbine 
which can be extracted and used for heating, the smaller 
the remainder to go into the condenser and the greater 
the net station output for the same fuel consumption. 


Not as a principle unique to either turbine or motor 
drives, but as one common to both, it should be realized 
that the station efficiencies shown in Figs. 3 and 4 could 
and should be increased by heating the feed water 
further than is shown in these examples by extracting 
steam from one or two high temperature points of the 
main turbine. Moreover the 1.75 per cent advantage 
attained in the station shown in Fig. 4 would have been 
slightly greater if, instead of using one point of extrac- 
tion, two had been employed to heat the water to the 
same temperature; and due alone to the stray losses 
encountered in actual operation, advantage in favor of 
electric drive might be as high as 2.5 per cent. 

Difference between the efficiencies of the two stations 
compared would have been very much less if the high 
efficiencies now obtainable in auxiliary turbines had 
been assumed instead of the low efficiencies actually 
taken as better representing common practise. Also, 
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Station efficiency 
diagram with all auxiliaries 
steam driven 


Station efficiency 
diagram with all auxiliaries 
electrically driven 


it should be understood that the relative efficiencies of 
the two stations were estimated for only one station 
load; with both stations operating at their maximum 
output, and the auxiliary turbines and motors perform- 
ing at their maximum loads, and hence at their optimum 
efficiencies. 


POWER CONSUMPTION 


To ascertain the total difference in power consump- 
tion between steam and electric driven auxiliaries over 
the whole working range of the boilers and turbine 
generators, and hence the net annual saving in fuel, 
requires a determination of the power taken at partial 
loads by both types of drives. This was done by 
analyzing separately the power input to each essential 
auxiliary when driven by turbines, squirrel cage, and 
adjustable-speed wound-rotor motors. In the analyses 
based upon power output of the boiler, that output was 
reckoned as the power which the main turbine generator 
would produce with the quantity and quality of steam 
delivered by the boiler at its different loads. The power 
consumed by the turbine driven auxiliaries in all cases 
was calculated as the power which the quantity of steam 
used in these auxiliaries would have produced if used 
instead in the main turbine generators. These analyses 
represent the performance of equipment in stations 
having large boilers and turbine generators, where the 
auxiliary turbines also would be large and slightly more 
efficient than those often used. However, turbines 
having higher efficiencies than those assumed in this 
analysis are now in operation on auxiliary service. 

Results of these analyses showed that: 


1. For such auxiliaries as circulating water pumps and fuel pulverizing 
equipment, where the output is substantially constant throughout a wide 
range of load on the main units, and for which constant speed squirrel cage 
motors are suitable, the electric drive maintains throughout the entire load 
range its relative efficiency over the turbine drive. 


2. For auxiliaries such as boiler feed pumps and draft fans, in which the 
output varies with the load on the main units, the squirrel cage motor 
rapidly loses advantage in the power saving which electric drive gives at 
maximum load; below approximately 85 per cent load on the main units 
it is less efficient than the turbine. At lower loads, the initial relationship 
between the two drives can be reestablished by transferring the load to a 
lower speed motor, but upon reducing the load still further, this motor will 
in turn become less efficient than the single turbine. 


3. The superior economy which the adjustable-speed wound-rotor motor 
gives at maximum load over turbine drive diminishes greatly as the load 
decreases and vanishes at small loads unless operation is transferred to an 
additional lower speed motor. 
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RELATIVE OPERATING COSTS 


Conclusions just outlined indicate that from con- 
siderations of power consumption, the most favorable 
application for turbine drive is on equipment like draft 
fans which, having to traverse a wide range of speed and 
load, use more than one motor when electrically driven. 
Even on this application the electric drive saves power; 
but it involves a larger investment in both driving and 
generating equipment. Regarding the investment in 
driving equipment, it is estimated that for large boilers 
having a maximum output of the order of 500,000 Ib. of 
steam per hour and with two wound rotor motors per 
fan, the installed cost of motors, controllers, and wiring 
for both forced and induced draft fans would be about 
$10 per rated fan horsepower more than for turbines 
with their valves and piping. 

Regarding the investment in generating equipment 
assessable against the fan drives, if the fans are electri- 
eally driven, and all equipment usually provided for 
normal and emergency supply assessed, the turbine 
room cost will be found to increase about $49 per in- 
stalled fan horsepower. If the draft fans are steam 
driven, 0.7 per cent more total evaporating capacity is 
needed than if motor driven; as a result the boiler room 
in this case costs about $12 more per installed horse- 
power than in the other case. Those investment costs 
are based on a total station cost of $95 per kw. output. 

On the basis of the foregoing, the total investment 
incident to the electric drive for fans will be $37 higher 
per installed fan horsepower than for the turbine drive. 
If the annual charges on this higher investment is less 
than the cost of fuel per installed horsepower saved by 
the electric drive, then motors would be more economi- 
cal than turbines, and vice versa. Seldom, however, 
would motors be more economical. Even with coal at 
$4 per ton and a capacity use factor of 100 per cent, the 
combined fuel cost and fixed charges would be less for 
the turbine drive than for the motor drive. In plants 
designed to deliver large quantities of steam for indus- 
trial uses or for heating, the economic balance is usually 
in favor of turbine drive regardless of load factor and 
fuel cost. 


FUTURE DEVELOPMENTS 


To realize fully the advantages obtainable by using 
auxiliary turbines in conjunction with large main units, 
more efficient designs and methods of application be- 
come desirable, practicable, and commercially feasible. 
With the conventional designs and applications of these 
machines, more stages and larger diameters can be 
used to raise the efficiency at maximum load; however, 
care must be taken that the gain is not so obtained at 
the expense of inefficient partial-load operation. 

Novel means for securing high efficiency have been 
adopted in turbines recently installed in one particular 
large central station; there, not only high rotative speeds 
and many stages of highly refined design have been 
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introduced, but the steam is passed in series through 
two turbines. For stations of high steam pressure (600 
Ib. per sq. in. and more) still other means may be 
evoked to improve the efficiency of auxiliary turbine 
operation, as indicated in Fig. 5. Here the improve- 
ment is derived through using machines of conventional 
design, but with novel steam connections. These 
features contribute to low initial cost of machines and 
piping, and low maintenance; but much care and some 
ingenuity of design is required to protect operating 
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Fig.5. Steam and exhaust connections for auxiliary 
turbines in a typical high pressure station 


continuity while preserving simplicity of design and 
avoiding undue piping complications. 

In regards to turbine gearing, this accessory usually 
performs quietly and satisfactorily. It is desirable, 
however, that still more attention be given to its design 
and manufacture so as to remove completely the objec- 
tion to turbine auxiliaries still offered in some quarters 
where objectional gear noise has been experienced. 

While it is indicated that the immediate develop- 
ment of the auxiliary turbine will be along the lines of 
higher efficiency and greater refinement in mechanical 
detail, the development of electric drive should be 
directed toward greater simplicity and lower installa- 
tion cost. Greater sturdiness of variable speed motors 
is desirable as is also wider speed ranges; but the 
greater field for improvement is in distributing systems 
and control equipment. It is desirable to retain the 
efficiency and convenience of motor drives without 
sacrificing reliability, but at substantially lower cost. 
At the moment just how this end may be accomplished 
is not clear; but the problem is receiving the attention 
it deserves, and the great variety of systems adopted in 
stations built recently indicates that plant designers 
are far from satisfied with conventional systems and 
are striving to produce something better. 


CONCLUSIONS 


Noteworthy conclusions brought out by the fore- 
going discussion are summarized briefly in the following 
paragraphs: 

1. At present the turbine constitutes the simplest and most reliable drive 
for steam power station auxiliaries. For applications requiring extreme 


protective measures, the simplicity and reliability of turbine drive may 
warrant its selection for all essential auxiliaries. 
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2. For maximum load conditions an improvement in over-all fuel economy 
of the order of 2 per cent will result incidental to the use of motor drive 
instead of turbine drive for all essential auxiliaries; with both drives, steam 
would be extracted from the main turbine for feed water heating, more 
being drawn where motor drive is used. 


3. For constant-speed auxiliaries the economy due to motor drive is 
greater at partial loads than at maximum load. 


4. For variable-speed auxiliaries the advantage in economy with motor 
drive is slight at small loads. 


5. Under most conditions the total annual expense for draft fans and 
perhaps for boiler feed pumps, including fuel costs, maintenance, and capital 
charges, will be less with turbine drive than with motor drive. 


6. There is an element of convenience in the starting and stopping of 
motor drive which commends it to the average operator, other considera- 
tions being approximately equal. 


7. The use of turbine drive is not justified for non-essential auxiliaries 
(which may stop for a short time without inconvenience) these ordinarily 
being driven at constant speed. 


8. Future developments may change the relative status of two drives; but 
indications are that in the immediate future progress will tend to decrease 
the advantage in fuel economy which the motor now possesses, and to 
increase the turbine’s advantage of reliability. 


lli—Electric Drive 
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A REVIEW of the history of auxilia- 
ries for steam power stations shows a gradual change 
from complete steam drive to the other extreme of 
complete electric drive, except for a few reserve steam 
driven auxiliaries such as boiler feed pumps and service 
pumps. During an intermediate period, dual steam 
and electric drive was used quite extensively for some of 
the essential auxiliaries, but the number of dual drives 
appears to be diminishing steadily. 

Higher efficiency of electrically driven auxiliaries 
receiving their power from the efficient main turbine or 
house turbine, as opposed to small inefficient turbine 
driven auxiliaries, always has been attractive to the 
station designer. However, lack of confidence in the 
reliability of the early forms of electric drive for essen- 
tial auxiliaries retarded its general adoption until more 
operating experience was obtained and reasons other 
than greater efficiency appeared. 


The change from steam to electric drive is due largely 
to an increasing feeling of confidence in the reliability of 
electric drive, an increasing appreciation of the sim- 
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plicity and flexibility of electric drive, and important 
changes in boiler and turbine practise. Confidence in 
electric drive has been strengthened by improvement in 
the manufacture and application of electrical equip- 
ment, the proved value of station and system intercon- 
nections, and a record of successful operating experience. 
The convenience and flexibility of electric drive are 
known generally, but will be discussed more in detail 
later. Important changes in boiler and turbine prac- 
tise that have influenced the use of electric drive are 
multi-stage bleeding of turbines for feed water heating, 
the use of higher steam pressures and temperatures, the 
development of larger boilers and turbines with their 
multiplicity of similar auxiliaries, and, to some extent, 
automatic combustion control. 


COMPARATIVE RELIABILITY OF STEAM AND ELECTRIC 
DRIVE 


Reliability always has been considered the chief 
requirement for essential auxiliaries; steam is considered 
more reliable than electric drive chiefly because it is a 
more direct method of obtaining power. Electric drive 
introduces additional apparatus such as generators, 
transformers, and switching and control equipment be- 
tween the boilers and the auxiliary to be driven. Ifthe 
electric auxiliary is connected directly or indirectly to 
the main bus, it is exposed also to the effects of line 
disturbances. Performance of the intermediary equip- 
ment required for electric drive now will be considered 
from the viewpoint of reliability. 


Main and house turbines probably are more reliable 
than efficient auxiliary turbines; furthermore, the larger 
units receive much closer attention than could be given 
economically to auxiliary turbines. Concerning the 
generators, statistics show that failures are extremely 
rare, especially since closed ventilation systems have 
been used; but in case failure of the main generator 
should occur, there is usually no immediate need for the 
auxiliaries associated with either the generator or the 
boilers. Auxiliary transformers have an equally good 
record for freedom from trouble. Modern switching 
and control equipment too in recent years has given but 
relatively little trouble, especially when selected and 
installed with the usual liberal safety factors. 


A large proportion of the motors used for electric 
drive is of the squirrel-cage induction type which is un- 
usually sturdy, and which readily permits full voltage 
starting with its inherent simplicity of control. How- 
ever, when correctly applied and maintained, other 
types of motors also have given good service. Further- 
more, improvements in insulation and bearings have 
made motor coil failures rare. 

In regard to the reliability of power supply for elec- 
tric auxiliaries, the extensive use of bus and feeder 
reactors, and diversity of power feeds, have tended to 
minimize the effects of line disturbances. The present 
trend toward faster operation in oil circuit breakers also 
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will minimize the effects of line disturbances. From 
these facts it seems apparent therefore that reliable 
service may be expected from electric drive when ap- 
plied correctly. 


SIMPLICITY AND FLEXIBILITY OF ELECTRIC DRIVE 


It is difficult to conceive of a simpler drive for rotat- 
ing equipment than the squirrel-cage motor. Perhaps, 
however, the greatest advantage in simplicity of the 
electric motor versus the steam turbine lies in the 
method of control. A motor for instance may be 
started and stopped in a fraction of a minute simply by 
pushing the button, whereas the ordinary small auxili- 
ary turbine usually requires a preliminary warming up. 
Besides these advantages the convenient control of 
auxiliaries from a few centralized points, made possible 
by electric motor drive, often permits a reduction in the 
station operating staff and contributes toward better 
efficiency of operation. 

Flexibility likewise is an important factor in auxiliary 
equipment especially from the viewpoint of station 
design. Here again the almost unlimited flexibility of 
electric drive gives it a great advantage over steam, as 
evidenced by modern boiler combustion control systems. 
The absence of steam piping to the turbine and boiler 
room auxiliaries, made possible by electric operation 
results in less congested basements and thereby facili- 
tates station design, operation, and maintenance. Fur- 
thermore, in obtaining the station heat balance elec- 
tric drive provides greater flexibility than steam. 


MODERN TRENDS IN STATION DESIGN FAVOR ELECTRIC 
DRIVE 


Selection of the type of drive for a station’s auxiliaries 
usually is not made entirely on the basis of the relative 
performance of motors and turbines, but is determined 
to a large extent by the general design of the station. 
One of the most important changes in station design and 
one which has tended to increase the use of electrically 
driven auxiliaries, is the general adoption of the multi- 
stage bleeding cycle for boiler feed water heating. 
Although complete motor drive for auxiliaries is not 
required where the stage bleeding cycle is used, electric 
drive for all auxiliaries in such stations will (1) decrease 
the B.t.u. per kw-hr. rate of the station approximately 2 
per cent; (2) simplify operation by automatically vary- 
ing with load changes the steam extracted for feed 
water heating, and (38) simplify the station heat balance 
system by obviating the transfer of auxiliary load with 
varying station load. 

Another factor favoring the choice of electrically 
driven auxiliaries is the use of higher steam pressures 
and temperatures in modern stations. This is because 
(1) small high pressure auxiliary turbines cost much 
more than small low pressure turbines, and (2) higher 
pressure turbines are harder to maintain at their full 


26 


efficiency and capacity. Operating experience with 
small turbines indicates that their efficiency falls off 
rapidly (sometimes as much as 50 per cent) unless they 
are carefully maintained. This diminishing of effi- 
ciency is due to an accumulation of scale in the steam 
passage; the effect obviously is more pronounced in 
high pressure turbines because of the smaller clearances. 

The trend toward larger stations, which also involves 
of course larger boilers and turbines, is still another fac- 
tor in favor of electric drive. These larger units permit 
the economical use of two or more similar auxiliaries per 
unit which allows for diversity in the auxiliary power 
supply and thus increases the reliability of electric 
drive. Furthermore, a more reliable unit system for 
auxiliary power supply is justified in these larger sta- 
tions wherein all essential auxiliaries for a main genera- 
tor are supplied directly or indirectly from the generator 
itself. 


Cost CONSIDERATIONS 


In addition to the many aspects of the choice of 
auxiliary drive already discussed, any comparison be- 
tween the two drives introduces at least one other 
important factor subject to considerable debate—the 
cost of an electric auxiliary power supply that can be 
considered equally as reliable as steam. Naturally, the 
cost of any power supply system involves first of all the 
amount of power required to drive the auxiliaries. 


Table |[—Power Required for Electrically Driven Auxiliaries 
in a Modern Large Power Station 


Per Cent of Total 


Subdivision Auxiliary Power 
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Total (5.5 per cent of gross generated power)........... 100.0 


For an electrically driven auxiliary system the 
amount of power required is relatively small and de- 
pends to a large extent upon the type of fuel-burning 
equipment used. For a plant burning pulverized coal, 
from 5.5 to 6.5 per cent of the total gross power gener- 
ated is required for the auxiliaries; for one employing 
stokers, from 4.0 to 5.0 per cent; and for one burning 
gas or oil, from 3.5 to 4.0 per cent. The station load 
factor and nature of condensing water supply also 
affect the amount of auxiliary power, but to a lesser 
extent. 
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In Table I is given an approximate subdivision of 
auxiliary power for a typical modern 650-lb. steam- 
generating station of approximately 200,000-kw. capac- 
ity, entirely equipped with electrically driven auxili- 
aries and using the unit system of pulverized fuel 
equipment. A study of this tabulation indicates that 
at best the possibilities of further saving in the amount 
of auxiliary power appears to be limited to about 1 or 
2 per cent of the gross generated power. 


Table Il—Investment Cost of Electric Equipment to Drive 
Auxiliaries of a Modern Large Station 


Approximate Per Cent 


Subdivision of Total Station Cost 
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Investment in equipment is the next cost item con- 
sidered. Accordingly, in Table II is given an approxi- 
mate major subdivision of investment costs for the 
electrical parts of the auxiliaries for the same typical 
200,000-kw. station. This station utilizes for auxiliary 
power two 4,000-kw. shaft generators, and two 9,000- 
kva. transformer banks connected to the main bus. 
The main switching equipment and the 2.3-kv. auxiliary 
switching equipment are of the vertical-lift metal-clad 
type; for the 440-volt motors air circuit breakers and 
magnetic switches are used. The boilers are supplied 
with full automatic control. 


In Table II only the prorated share of the cost of 
turbo-generator units used for auxiliary power is in- 
cluded, because the boilers and the balance of the 
station equipment are common to both steam and 
electrically driven auxiliary systems. No allowance 
has been made for space occupied by electrical auxiliary 
equipment because it would be approximately the same 
for either type of drive; however, the flexibility of elec- 
tric control equipment enables it to use space that 
otherwise might be wasted. In this particular case, 
the main auxiliary transformers and high voltage 
switching apparatus are installed out of doors. 


Items in Table II exhibiting the greatest possibilities 
for saving are the control equipment and cables for 
‘motors. It seems apparent, however, that a radical 
reduction in the investment cost of the complete station 
will not result even from major modifications to the 
electrical part of an auxiliary system, but rather will 
have to come from a series of small savings. Some of 
the possibilities of making these small changes are 
brought out in the discussions which follow. 
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ELECTRIC AUXILIARY POWER SUPPLY 


A review of station designs with respect to the source 
of electric power for auxiliaries shows quite a variety of 
arrangements, all of which are modifications of two 
fundamental systems; (1) power from main bus, or (2) 
power from a separate generator. The advantages and 
disadvantages of the principal modifications of these 
two fundamental systems are covered completely in the 
National Electric Light Association Publication 088, 
April 1930, and will not be repeated here. 

It is interesting to note a considerable trend back to 
the original system of supplying auxiliary power from 
the main bus after passing through a cycle of house tur- 
bines and shaft generators. The system of taking auxili- 
ary power from the generator leads ahead of the oil 
circuit breaker is virtually the same as taking the 
auxiliary power direct from the main bus, and both are 
subject to the same criticism of being affected by bus 
voltage fluctuations unless the station has been designed 
to minimize them. In many instances, however, oper- 
ating experiences appear to justify the use of these 
simpler and more efficient systems in large stations 
which form part of extensive interconnected networks. 

Of the two methods mentioned, that of taking power 
from transformers connected to the generator leads is 
the least expensive because it eliminates the need for 
auxiliary high voltage transformer oil circuit breakers. 
The disadvantages of this scheme are substantially the 
same as for an auxiliary shaft generator except that the 
shaft generator of course is free from main bus voltage 
disturbances. Both are affected if the turbine over- 
speeds, but improvements in governors and the increas- 
ing use of generator voltage regulators for system 
stability purposes tend to minimize troubles of this sort. 

If an electric auxiliary system is to be used in an iso- 
lated generating station, a more elaborate power supply 
obviously will be required. This type of station also 
will necessitate more steam driven reserve auxiliaries 
for starting-up purposes than now are considered neces- 
sary for a station forming part of a large interconnected 
group. 

Although in some stations house turbine-generators 
have been employed, their economical use appears to be 
confined to stations using d-c. adjustable-speed motors 
or where exhaust steam is used for purposes other than 
for feed water heating. Many engineers feel that a 
house turbine is justified as a reserve to the other power 
sources and for starting-up purposes. The type of 
turbine-generator that can be started up almost in- 
stantly from a remote point appears well adapted for 
this purpose when local conditions justify its use. For 
all large stations, however, the unit system of supply 
appears justified, whether it be from house turbines, 
shaft generators, bus transformers, or transformers on 
generator leads. As already mentioned, the chief ad- 
vantages of the unit system are greater reliability and 
lower interrupting duty on the auxiliary power control 
equipment. 
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ELECTRIC AUXILIARY POWER DISTRIBUTION 


Selection of the voltage for an electric auxiliary power 
distribution system usually is determined by the stand- 
ard motor voltages available, together with a study of 
the over-all cost of motors, cable and control equipment. 
In many of the earlier stations, cable runs were rela- 
tively long and the interrupting duty on the control 
apparatus relatively light, with the result that motors of 
50 hp. and more, usually were operated at 2,200 volts. 
However, with the present trend toward larger stations 
and consequent greater concentration of auxiliary 
power, the cost of control equipment has become a large 
item of the total auxiliary system cost. The 1926 report 
of the A.I.E.E. power generation committee pointed out 
this condition and suggested that a study be made of 
the possibilities of using a 440-volt auxiliary system with 
carbon air circuit breakers for control. It is interesting 
to note that a 460-volt system of this type was adopted 
for the Gould Street station at Baltimore as a result of a 
thorough study of investment costs and performance of 
motors and control. This station is designed for four 
36,000-kw. units. 


In larger stations with units of 50,000 kw. and up- 
wards, two or more auxiliary distribution voltages 
usually are required; those commonly used are 2,300 
and 460 volts, respectively, although in some stations 
550 volts is being used in preference to 460 volts. In 
many instances an appreciable saving can be made in 
the over-all cost of motors, control equipment, and 
cable, by extending the size range of the low voltage 
motors up to 100 hp. or more, and establishing low 
voltage power distribution groups central to the group 
of motors fed by the distribution point. 


Sometimes a further saving can be made in the 
auxiliary power switching and control equipment by 
diversified grouping of duplicate unit auxiliaries. For 
instance, half of the auxiliaries required for one boiler 
may be supplied from one bus section, and the other half 
from another bus section. This not only provides a 
more reliable power supply, but eliminates the need for 
double buses, since it is possible usually for maintenance 
purposes to isolate at least one-half of boiler auxiliaries 
during off-peak conditions. 


AUXILIARY MOTORS AND CONTROL 


If the present high investment cost of auxiliary 
motors and control apparatus is to be reduced, every 
auxiliary drive application calling for variable or ad- 
justable speed motors must be investigated and justified 
by an appreciable saving in over-all costs. In addition 
to the high investment cost, the use of variable or 
adjustable speed motors increases maintenance costs 
and space requirements and to some extent reduces the 
reliability of the drive. 


A review of motor applications for recent large sta- 
tions indicates a decided trend toward the use of more 
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squirrel-cage and less slip-ring motors. Machinery 
designers are being attracted by the simplicity of the 
full voltage starting possibilities of squirrel-cage motors, 
and in many cases have withdrawn entirely their de- 
mands for slip-ring motors merely for smooth starting. 
Also some of the equipment which formerly required 
variable speed drive now is being made for constant 
speed operation with the exception of boiler feed pumps 
for high pressure boilers. Station designers too appar- 
ently are becoming more willing to give up in favor of 
the reduced investment and maintenance costs made 
possible through the use of the squirrel-cage motor, any 
small gains in plant efficiency obtained by variable 
speed drives. 

In regard to motor control apparatus, considerable 
progress has been made by manufacturers in supplying 
self-contained motor control groups completely fabri- 
ricated at the factory. In many cases where 'the field 
labor costs are high, a substantial saving can be made 
by using these factory fabricated groups. An appreci- 
able saving also often can be made in conduit work by 
using armored cable installed in metal troughs or large 
pipes indoors, and by using “parkway” cable for out- 
door installations. In the middle west during the past 
few years this method of handling cables has given 
satisfactory results. 


SUMMARY 


The chief advantages of electric drive over steam 
drive for station auxiliaries are briefly: 


1. It facilitates more efficient station design by permitting all of the steam 
required for feed water heating to be taken from the main turbine by stage 
bleeding. 


2. It may be approximately twice as efficient in terms of B.t.u. per kw-hr. 
as steam drive depending upon the amount of maintenance received by 
the auxiliary turbines. 


3. It is uniformly efficient, since lack of maintenance does not affect 
materially the efficiency of electrical equipment, although it may reduce the 
reliability of the equipment somewhat. 


4. It requires less maintenance. 
5. Itis simpler to operate. 


6. It improves the physical design and operation of a station by reducing 
the amount of auxiliary piping required, particularly in the basement. 


Some of the possible methods introduced for reducing 
the cost of an electrical auxiliary system are: 


1. Obtain auxiliary power supply from transformers connected to the 
main generator leads ahead of the generator oil circuit breakers, and reserve 
supply from main bus if reliable interconnections are provided with other 
stations and station bus is protected by reactors or their equivalent. 


2. Establish both high and low voltage auxiliary power distribution groups 
central to location of auxiliaries instead of in electrical bay, to reduce 
length of cable and conduit runs. 


3. Increase the horsepower range of low voltage motors in view of rela- 
tively high cost of high voltage control equipment. 


4 Diversify feeds to all duplicate auxiliaries where possible, thereby per- 
mitting simpler switching layout for adequate maintenance. 


5. Use squirrel cage motors and full voltage starting equipment wherever 
possible even if at the sacrifice of a small percentage in station efficiency. 


6. Use factory fabricated control equipment wherever possible. 


7. Use armored cables grouped in metal troughs or large pipes for indoor 
and ‘‘parkway”’ cable for outdoor installations. 
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How About the 
Human Side of It? 


With sympathetic attention and the direc- 
tion of modern scientific methods toward 
achieving a solution of existing problems in 
human relationships, an ideal civilization is 
foreseen. This is the sixth article in The 
Engineering Foundation’s symposium ‘‘Has 
Man Benefited by Engineering Progress?” 


By 
ROBERT D. KOHN 


President, The American 
Institute of Architects 


Tix MATERIAL achievements of 
engineering and science during the past half-century 
indeed are an indication of the wonderful possibilities 
of the trained mind. But that same mind has not 
distinguished itself by meeting other problems that 
have grown even more complex in this same period. 
The benefits that men have received from science are 
fairly well known. Why try to make a list of them? 
Such a process appears academic. Is it not likely to 
lull us into a sleepy sense of repletion, as if the job were 
well done and, having dined on succulent self-praise, 
rest were now due? Or worse still, the pride of achieve- 
ment actually may blind us to the important problem 
which science has not tackled at all. The present 
only-too-evident maladjustment (and indeed the misery 
from which some part of the world always suffers) is 
in no small measure an indication of a whole series of 
such vital problems. 

It seems that the very real achievements of science 
and engineering fail of their effect because the human 
side of the world’s problems has been neglected. We 
have been absorbed in things. We have neglected to 
notice the effect which men absorbed in things have 
upon other men absorbed in things. We have been 
proud, for instance, of what engineering has done to 
annihilate space. Transportation, telegraph, telephone, 
and the press bring men from the ends of the earth into 
a new and closer relationship with each other. But 
we have done practically nothing to develop a technique 
of human relations to meet the new problems brought 
about by those closer relationships. 

. The wonderful qualities of insight and patience, and 
indeed the genius that has been applied to the material 
accomplishments of modern times, now must be turned 
to a much more difficult job. The results of these 
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discoveries must be turned to a more worth-while, a 
more comprehensive use. Scientists and engineers (and 
all of the rest of us for that matter) must now concen- 
trate on the study of the relations of man to man, of 
group to group, and of nation to nation. We must find 
a way to understand the interrelation and the inter- 
dependence upon each other of men within each func- 
tion of modern life, and the interdependence of function 
upon function. When these relationships are better 
understood they will become clarified, and then be 
more just. And the distribution of the products of 
modern methods and the benefits thereof (material as 
well as spiritual) then will be better adjusted, because 
of necessity that distribution will be based upon a 
recognition of the essential nature of the contribution 
that each group makes to the needs of the whole. And 
a whole world of latent talents will be evoked during 
this process. 

By far the greatest benefits are still to be conferred 
on the world by the scientific mind and by engineering 
skill. They will produce in the future still greater 
inventions. The physical sufferings of mankind will 
be relieved by further beneficent discoveries of medicine 
and advances in surgery. But my hope for the future 
lies in the belief that we are about to shift the direction 
of our efforts because we have realized that progress 
lies in another direction. Doubtless the work in study 
and laboratory should go on, but the leaders of research 
and the forward-looking men in all the skilled vocations 
now must turn to a new leadership. It is their duty 
and their privilege to direct a study of the much more 
difficult problems in the neglected field of human 
relations, and these are not problems that can be 
solved by the few working alone in laboratories. Itisa 
job for the many, out in the open with the whole world 
as a field of action. There is a new art to be created, 
superimposed upon material science, and next to which 
in complexity modern science is simple. An art it will 
be because it must develop a sensitiveness to the infinite 
variations, to the differences in values of personalities, 
and each such perception will have to be interpreted 
by other personalities. 

The painful inefficiency and injustice of our present 
civilization shows us that this is the great task. Some 
say that the essence of this task is the basis of all of 
religion. Others believe that it is the spiritual back- 
ground on which a new democracy is to be built. What- 
ever its name, it is a job that we must tackle, for we live 
in an age of idiotic contrasts. Part of the world is 
starving with the food bins elsewhere bursting with a 
surplus of food. The rest of the world is spiritually 
starving because of a plethora of the thousand-and-one 
material blessings. I am not interested now in a 
review of the scientific skill that has produced these 
things. I want to see it apply itself to working out a 
new vision of human relations. 


Editor’s Note: Pursuant to the invitation of The Engineering Founda- 
tion, the editors will be happy to receive comments, suggestions, criticisms, 
or discussions pertaining to this or the other articles in this series, 
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A Brief Review of 


Contemporary Dielectric Research 


Sean TING the annual report 
of the chairman of the committee on electrical insula- 
tion, division of engineering and industrial research, 
National Research Council, which appeared under the 
title ““The Trend in Dielectric Research’ on p. 967-70 
of the December 1931 issue of ELECTRICAL ENGI- 
NEERING, a résumé of technical and scientific papers 
presented at that committee’s fourth annual meeting 
and conference held recently at Harvard University is 
presented in the four articles which follow. Each 
article is based upon the papers presented at one of the 
four technical sessions of the conference, each session 
dealing with one particular phase of insulation research. 

In the first article F. M. Clark has digested and inter- 
preted the contents of the papers presented at the 
session sponsored by the subcommittee on chemistry, of 
which he is chairman. The other three articles con- 
tain brief abstracts of papers presented at the remaining 
three sessions for the preparation of which the coopera- 
tion of J. B. Whitehead, chairman of the committee, 
and R. W. Atkinson of the General Cable Corporation, 
Perth Amboy, N. J. is acknowledged. 


I— Chemical Research 


in Insulating Materials 


By 
F. M. CLARK’! 


Associate A.I.E.E. 


General Elec. Co. 
Pittsfield, Mass. 


IsuLaTine MATERIALS of the 
type at present being used in electrical design are diffi- 
cult to interpret from the standpoint of fundamental 
characteristics and behavior, not only because of their 
underlying complexities, but also to a large degree 
because of their lack of purity. As yet satisfactory 
methods for gaging the chemical purity of such materials 
have not been developed despite the fact that their 
electrical properties depend principally upon the 
presence or absence of electrolytic impurities. Insula- 
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tion tests in use generally are electrical in nature 
nevertheless their exact relationship to the impuritie 
and chemical behavior of the insulation under test i 
largely a matter of speculation, and based but littl 
upon experimentally determined facts. 

A striking example of the effect of impurities o1 
dielectric strength is the fact that reducing the inorgani 
ash content of insulation by washing results in a marke 
improvement in its insulation resistance. About 7 
per cent of the ash content of cotton consists of water 
soluble sodium and potassium salts; by removing thes 
a 50- to 100-fold increase in the insulation resistance i 
obtained. Of commercial importance is the fact tha 
washings with distilled water give lower insulatio1 
resistance than similar washings with ordinary taj 
water which usually contains salts of calcium an 
magnesium. Apparently an ionic interchange i 
brought about between the alkaline earth salts of th 
wash water and the inorganic materials of the cotton 
In calcium sulphate washings, that portion of the sul 
phate content of the cotton not associated with alkalin 
salts remains remarkably constant regardless of change 
in the calcium content. With magnesium sulphat 
washings, the sulphate content decreases due to th 
greater solubility of the magnesium sulphate formed b: 
the ionic interchange. 


MOLECULAR STRUCTURE OF DIELECTRICS 


From such data it may be assumed that the electrica 
properties of commercial dielectrics depend to a larg 
extent upon their physical structure. Conduction 1 
not due to as great an extent to moisture condensed ot 
the outer surface as to the presence of ionizable salt 
and moisture within the material itself. Studies o1 
rubber and its purification have served to support thi 
view. Of considerable importance therefore is tha 
proper attention be given to the structural arrangement 


1Based upon the following papers presented under the direction of the sub 
committee on chemistry of the committee on electrical insulation, divisio: 
of industrial research, National Research Council, during the committee’ 
fourth annual meeting at Harvard University, Cambridge, Mass., Nov 
13-14, 1931: 


1. Dielectric Constant and Molecular Interaction, by F. G. Keyes 
Massachusetts Institute of Technology. 


2. The Structure and Electrical Behavior of Insulating Materials, by 
J. W. Williams, University of Wisconsin. 


3. Molecular Structure and Valence, by J. C. Slater, Massachusetts Jnsti 


tute of Technology. 


4, The Influence of the Ash Constituents of Cotton on Its Electrica 
Properties, by A. OC. Walker, Bell Telephone Laboratories. 
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of the dielectric before attempting to build a super- 
structure of dielectric theory. 

If atoms and molecules are conceived as being made 
up of positively and negatively charged particles, some 
structures evidently will be in good electrical balance, in 
the sense that the center of the electrical effect of the 
positive and negative charges will coincide perfectly. 
When placed in an electric field, such complex structures 
will polarize because the electrical center of the positive 
and the negative charges will be pulled out of coinci- 
dence. This change produces an induced polarity 
which, if independent of the manner in which the mole- 
cule is oriented, would be representative of the simplest 
dielectric behavior of gases. Peculiarities in the chemi- 
cal constitution of the molecule, however, may bring 
about a disposition of atoms such as to give the mole- 
cule a permanent electrical moment in addition to an 
induced moment; in this case the dielectric constant 
would be expected to be greater. The orientation of 
fixed dipoles tending toward alinement parallel to the 
direction of the field would be expected to be interfered 
with by molecular collision; since such collisions are a 
function of the temperature, the result at infinite 
temperature would eliminate the contribution to polari- 
zation through the permanent moment. This theory 
has been remarkably successful and has stimulated an 
enormous amount of interest in dielectric behavior. 
Its extension by Debye and others has been made to 
account for anomalous dispersion at radio frequency 
and the absorption of energy in solids. 

The extension of the molecular dielectric constant 
theory to highly compressed gases and liquids offers 
serious difficulties. ‘To date measurements have been 
obtained at the Massachusetts Institute of Technology 
for carbon dioxide, ammonia, methane, and hydrogen. 
The results for carbon dioxide are typical of what may 
be expected of the dielectric behavior of a non-polar 
molecule or one having a non-permanent moment. A 
non-polar gas should possess a polarization independent 
of temperature; this is true of both carbon dioxide and 
methane. With carbon dioxide, the polarizability when 
extended to the region of liquidity under pressure 
increases only slightly with increased density. With 
ammonia, however, the increase in polarizability with 
density is more marked. 

Molecular formation is based upon the attraction of 
constituent atomic electrons, and the valence bond 
giving atomic union is a resultant of electronic motion. 
As suggested by Lewis and confirmed by wave mechan- 
ics, homopolar bonds result from shared electrons. 
Electrons are considered to possess a spinning motion, 
and a chemical bond results from the mutual attraction 
of oppositely spinning electrons. Most of the electrons 
in an atom, however, are bound into closed shells with 
their spins neutralized. Thus only those electrons with 
unpaired spins can participate in the valence bond. 
“The chemically inert properties of the helium family of 
elements is so explained. By the same reasoning, 
oxygen with its two parallel spinning electrons, a con- 
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dition preventing mutual neutralization or bonding, 
offers an opportunity for multiple combination or double 
valence manifestation. The electrons, however, have 
a definite spatial arrangement and form bonds at 
particular angular relations to each other. In carbon, 
this characteristic results in chemical bond along the 
axes of a regular tetrahedron; in oxygen and in nitrogen, 
the bonds are respectively at right angles. 


BEHAVIOR OF MOLECULAR GROUPS MUST BE 
CONSIDERED 


_ In commercial dielectrics, however, attention cannot 
be confined solely to the structure of individual mole- 
cules. To explain electrical conduction and other 
physical properties, consideration must be given to the 
behavior of the molecular growps which are influenced 
not only by simple molecular forces but, in addition, by 
those forces resulting in molecular aggregation and the 
formation of the massive material. Physical studies on 
cellulose, rubber, and other commonly occurring insula- 
tions indicate the presence of primary valence chains 
rather than aggregate formation by association through 
secondary valence forces. Primary valence chains are 
formed by polymerization or condensation reactions; 
their regular or random arrangement depends upon 
the number and spatial arrangement of the reacting 
group present in the elementary molecules. Substances 
possessing regular arrangements are known to be 
anisotropic while those having a random arrangement 
show the same physical characteristics in all directions. 
In the complicated system of wood, different conductivi- 
ties are observed in different directions, but probably for 
a different reason. A number of regularly arranged 
cellulose macro-molecules are bound together to mi-cells 
which in turn probably are held together by amorphous 
cementing materials. The conducting paths in wood are 
between the mi-cells rather than between the macro- 
molecules. X-ray diffraction studies have contributed 
largely to the present study of these substances of high 
molecular weight. 

To account for absorption and energy loss in dielec- 
trics, the presence of free electrons, free and adsorbed 
ions, and dipoles has been speculated. The ability of 
dipole molecules to absorb enough energy to attempt to 
follow the alternation of the applied electrical field has 
been the subject of considerable discussion. It may 
well be doubted, however, that the orientation of dipole 
molecules can explain the energy loss in the molecular 
aggregates constituting the usual commercial insulation. 
The macro-molecules may be compared to long fibers, 
fixed in position and with but little tendency to follow 
the applied electrical field, even though they contain 
many polar linkings and groups. It is possible to 
conceive, however, that polar atoms or groups of atoms 
in such molecular aggregates may be displaced from 
their position of equilibrium by an electric field, thus 
giving rise to an absorption of energy. Because of the 
nature of the medium, characterized as it is by high 
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inner friction, the motion of these oscillations will be 
damped strongly. Therefore, a displacement of the 
group lagging behind the applied electric field will result 
provided its period is such that the moments of the 
groups may revert to practically their normal positions 
between alternations; an absorption of energy then 
will result. This behavior may constitute a factor which 
cannot be neglected. 


II—Properties of Materials 
Probed in Dielectric Research 


Procrrpincs of the second session 
of the insulation conference held recently at Harvard 
University (see footnote) are reviewed here. Like the 
preceding session under the guidance of the subcommit- 
tee on chemistry, this general session was featured by a 
distinct scientific atmosphere. Several papers were 
presented dealing with the electrical properties of im- 
portant types of simple and complex dielectric materials 
as related to their availability as insulators. 

Results of dielectric studies on vulcanized rubber, 
containing from 2 to 28 per cent sulphur within the 
temperature range of from 30 to 100 deg. cent. and 
within the frequency range of 60 to 2,000,000 cycles, 
were presented by D. W. Kitchin (A’29). More ex- 
tended data on the well known anomalous dispersion 
and absorption of rubber sulphur compounds indicated 
that the theory of dipole orientation frequently evoked 
in this connection requires some modification. For 
example, the 600-cycle curve of dielectric constant 
versus percentage of combined sulphur shows no maxi- 
mum, but rises steadily. Apparently the agents re- 
sponsible for the anomalous electrical properties are 
present at any temperature, but their response to the 
field depends upon the physical state of the material. 
In tests on samples of high sulphur content, an increase 
in dielectric constant with temperature was observed. 
This is attributed to a polarization due to dielectric 
absorption, caused by particles having a wide range of 
relaxation times. 

A series of studies on the dielectric behavior of solu- 
tions of cellulose derivatives in butyl acetate for the 
frequency range from 1x10*° to 25x10° cycles was re- 
ported by J. B. Miles, Jr. For low cellulose concen- 
tration, the power factor and loss were shown to be 
accounted for completely by conductivity. This did not 
hold true for the higher concentrations, however, and 
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it is suggested that the additional loss under those 
conditions is due to dipole orientation. Agreement 
with Debye’s theory is lacking, though, and internal or 
molecular viscosity is suggested as a possible cause. 

In an interesting speculative paper E. J. Murphy 
extended his proposal of last year, that dielectric ab- 
sorption, or as he calls it “residual polarization” in cer- 
tain dielectrics, is due to the presence of internal surfaces 
upon which ions may be adsorbed. The residual po- 
larization is formed by the redistribution of the ions in 
an electric field; with increasing field; some of the ions 
may be separated from the surfaces. This would result 
in a decreasing dielectric constant and an increasing 


- conductivity with increasing field intensity, the latter 


effect having been observed frequently. The author 
supported his theory by the results of some experiments 
with fine powders; in these tests both types of variation 
were in evidence. | 

Further data on the behavior of highly pure hydro- 
carbon liquids were presented in a paper by L. A. Welo 
who reported studies on normal decane, dimethyl oc- 
tane, and on transformer oil. The liquids were studied 
through a series of successive distillations and cycles 
especially designed to remove moisture, air, and sus- 
pended matter not only from the liquids, but from the 
measuring system as well. In all cases, low conductivi- 
ties (of the order of 10-8 mhos) were reached; the 
suggestion was made that the conductivities of all 
hydrocarbons including oils may be reduced to about 


this value, and that little if any variation of conductiv-. 


ity with structure is to be expected. When the 60-cycle 
power factors of these purified liquids were measured, 
losses about 10° times those computed from the conduc- 
tivity were observed, indicating a large initial absorp- 
tion or conductivity even in these purified liquids. The 
obvious explanation for this is that the application of 
continuous potential difference sweeps out a large 
number of ions which are active in causing dielectric 
loss in an alternating field, a picture which is supported 
by the saturation current-voltage characteristic of the 
conductivity measurements. 

Measurements of irregularities in the conduction cur- 
rent of insulators subjected to constant voltage were 
reported by F. E. Haworth and R. M. Bozorth. These 
fluctuations or “‘noise’’ were observed by amplification 
as in the Schrott effect. It is indicated that ions or 
electrons impinge upon the electrodes in groups of in- 
creasing amount depending upon the field strength. 
The results support the idea that small conducting 
canals are created in the dielectric at field values con- 
siderably below that of breakdown and in increasing 
number as the breakdown value is approached; sudden 
discharges traverse the canals, thereby causing the 
current irregularities. However, the proportion of 
total current represented by these canal discharges is 
relatively small. 

A paper presented by J. C. Balsbaugh (A’23) and 
P. H. Moon (M’29) described (1) a precision bridge for 
measuring the power factor of small oil samples, (2) ac- 
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surate adjustable air capacitors, and (8) oil cells to be 
ised therewith. Further refinements were reported 
n electrostatic screening and in the electrical balance 
yetween guard ring and measuring electrode, points 
amphasized in the development of the Johns Hopkins 
oridges, with the result of a still further increase in the 
sensitivity available in bridges of the Schering type. 
Although no tests on the oils were reported, it is indi- 
sated that a sensitivity of better than + or — 10-*in the 
value of loss-angle will be available; on account of the 
better control possible in the use of small samples, this 
should permit further refinementsin such measurements. 


lll—Physical Theories 


of Dielectric Behavior 


Is THE session of the Harvard Uni- 
versity insulation conference (see footnote) held under 
the auspices of the subcommittee on physics, a series of 
five papers bearing on present physical theories of di- 
electric behavior was presented. In the first of these, 
W. F. G. Swann drew a series of analogies amongst the 
accepted mathematical developments of the theories of 
steady currents in conducting media, electric induction 
in non-conducting media, and magnetic conduction in 
magnetic media. Formal expressions for the funda- 
mental phenomena in these three fields are known to be 
quite similar. It was shown, however, that there are 
certain aspects imposed by the restriction to constancy 
of specific resistance, constancy of permeability, and 
similar factors, and also by the nature of the mathe- 
matical solutions, which raise some question as to the 
complete accuracy of many accepted relationships. 
Notably, it is shown that in the general case of simul- 
taneous electric and magnetic fields, it is possible to 
have at a surface of separation between two media, 
physical conditions which are not consistent with the 
usual assumptions made in this case. 

As is well known, attempts frequently have been 
made to draw direct analogy between the properties of 
dielectrics and those of ferromagnetic materials. In 
discussing this question, H. Miiller pointed out that the 
parallelism between Langevin’s theory of paramagne- 
tism and Debye’s theory of polar molecules, suggests 
the possibility of finding insulators with dielectric 
properties analogous to the magnetic properties of a 
ferromagnetic substance. He concludes that such 
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insulators may exist if (1) the substance contains a 
large number of polar molecules and the temperature is 
below the critical Curie value, and (2) the polar mole- 
cules are able to rotate without association. In support 
of these assumptions, measurements of the Kerr effect 
in Rochelle salts were reported. 

A series of direct measurements of the relaxation 
time of abietic acid within the temperature range from 
10 to 50 deg. cent. were reported by J. B. Whitehead 
(F’12) with corresponding measurements of dielectric 
loss. The method of analyzing dielectric losses which 
permits the separation of components (reported by 
A. Banos, Jr. later in the same session) was utilized for 
comparing the experimental behavior of abietic acid 
with the expressions proposed in the Debye theory of 
polar molecules, and with those of the Maxwell theory 
of dielectric absorption. It was shown that within the 
temperature range mentioned, the relaxation time is not 
continuous and that if polar molecules are involved, at 
least two types are present. The results in general, 
indicate a behavior in resin more in accord with the 
Maxwell theory of dielectric absorption, with progres- 
sive changes in conductivity and in viscosity accounting 
for the observed changes in dielectric loss. On the 
other hand, the experimentally observed change in 
dielectric constant apparently is not accounted for by 
either theory. 

An interesting series of studies on the oxidation of 
insulating oil was presented by H. H. Race (A’24). A 
certain commercial oil was separated into nine samples; 
these were heated in contact with air at different 
temperatures for different lengths of time under which 
conditions studies were made of a number of properties 
such as conductivity, dielectric loss, spreadability on 
water, acid number, and viscosity. The results on 
oxidation were discussed from the standpoint of Debye’s 
theory of polar particles, with conclusion that the num- 
ber of the particles varies rather than their size. Other 
studies of the correlation of various properties also were 
given, with the conclusion that the spreadability test in 
conjunction with the variation with frequency of dielec- 
tric loss under oxidation are the most promising methods 
for studying progressive changes in insulating oils. 

Detailed results of an analytical study of the method 
for utilizing continuous potential charge and discharge 
currents observed by the amplifier oscillograph for 
the prediction of dielectric behavior under alternating 
stress, were reported by A. Banos, Jr. It was shown 
that if the portions of these oscillograms for an initial 
time interval corresponding to the period of the alter- 
nating cycle be employed, the current variation may be 
expressed as the sum of three terms, each containing 
a negative exponential of the time. This expression, 
when substituted in vonSchweidler’s equations, per- 
mits the computation of dielectric losses which agree 
almost exactly with actual measurements. The analyt- 
ical study with accompanying curves and measure- 
ments of loss, power factor, and capacitance, show the 
reliability and accuracy of the method. 
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IV—Dielectric Research 


Presages Cable Improvement 


Tue FINAL SESSION of the insulation 
conference held recently at Harvard University (see 
footnote) was devoted more to the practical engineering 
application of dielectric materials. Ten papers were 
presented, all of which are reviewed briefly. 

In a paper entitled “The Electrical Properties of 
Impregnated Gable Paper and of Ionized Gas Films,” 
C. L. Dawes (M’15) presented the results of an extended 
series of dielectric loss measurements in impregnated 
paper as related to voltage, frequency, and temperature 
variation. Both sections of cable and laboratory sam- 
ples with air layers were studied. Several empirical 
laws were reported, notably for the change in the type 
of variation with temperature and for the nature of the 
loss caused by the presence of “ionization’’ films. 
Studies such as this involving as it does investigations 
into the effects of the characteristics of a dielectric’s 
component parts upon its behavior as a whole, have 
come about from a recognition of the structural non- 
homogeneity of dielectrics and have had an important 
bearing upon the recent great improvements in com- 
mercial products. 

The apparent presence of an appreciable power 
factor (of the order of 10-*) in the air capacitors such 
as those used in dielectric loss measurements, was 
brought out by J. C. Balsbaugh’ (A’23) and P. H. Moon 
(M’29); the importance of making allowance for this in 
a-c. bridge measurements using such capacitors was 
emphasized. This condition is attributed to gas, either 
adsorbed in the electrode surfaces or forming layers 
thereon, a belief supported by changes in power factor 
which took place when the air pressure within the 
capacitor was varied. Influence of variations in the 
electrode material, and of different types of surface 
layers of the same material also were studied. In the 
discussion, two speakers, one of whom was from the 
U.S. Bureau of Standards, reported experiments on this 
subject; in neither case was evidence of the presence of 
power factor in capacitors discovered. 

Development of the sensitive measuring equipment 
used in this study of residual losses in air condensers 
came about as a direct consequence of the improvements 
in dielectrics which resulted in requests from utility 
engineers and manufacturers for equipment capable of 
making adequate measurement as improvements are 
continued further. The more obvious imperfections of 
air condensers that have caused some trouble to earlier 
investigators were fully eliminated; present investiga- 
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tions, requiring as they do the use of a condenser as a 
primary standard, not only involve precise electrical 
measurements, but also necessitate a fundamental study 
of both the condenser and its electric field. 

In two papers, J. B. Whitehead (F’12) reported fur- 
ther experiments at Johns Hopkins University on the 
properties of impregnated paper used in high voltage 
cables. The first one described how, by measurements 
with the amplifier oscillograph of the short time d-c. 
conductivity and absorption of the oil and the paper 
separately and in combination, it is possible to follow 
the separate influences of each on the behavior of the 
final product very much more closely than heretofore. 
New evidence was presented as to the correlation be- 
tween the physical characteristics of the oil and the 
separate components of the total loss in impregnated 
paper. The method used was an accelerated life study, 
samples being tested by the application of successively 
increasing voltages, starting with 400 volts per mil. A 
highly refined light oil showed a life greatly in excess of 
most of the other oils studied; second came an oil of 
naphthene base; thereafter, in a group in which the 
variations in life were not great, came a number of oils 
commonly used in cable manufacture. In the discus- 
sion of these results, it was indicated that while the 
electrical characteristics and the life of the light oil were 
of high order, oils of this type were not suitable for 
practical use because of their rapid deterioration, both 
in the process of manufacture and under those condi- 
tions pertaining to cable operation which are not present 
in laboratory studies. Another interesting result was 
that although the naphthene base oil had relatively 
long life, its power factor and loss were so high as to 
render its use in cables prohibitive. The results in 
general emphasize the fact that while oils of highly 
desirable characteristics and long life may be obtained, 
it may be impossible to use them practically, because of 
the limitations imposed by the handling and operation 
of cables in long lengths. 

The second of these two papers is a part of a series 
involving a study of the electrical characteristics of 
condensers made with commercial or semi-commercial 
materials and prepared under accurate laboratory 
control of conditions varied according to a prearranged 
schedule. The resulting data are adding materially to 
existing comprehensions of dielectric characteristics. 

Interesting results on the influence of high oil pressure 
upon the electrical endurance of cables were reported by 
J. A. Scott (A’25). Experiments were made both on 
cables and on sheet paper immersed in oil. By the 
application of a pressure of 80 lb. per sq. in. above 
atmosphere, the dielectric strength of the cable was 
found to be doubled, with a similar though lesser in- 
crease observed in the sheet paper experiments. The 
effect of pressure on the strength of cable insulation 
containing voids or bubbles has been recognized fully 
and studied extensively, but the meagerness of earlier 
data on the subject discussed by the author adds to the 
importance of his contributions. Full development of 
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the laws governing the effect of pressure on dielectric 
properties is important both from the standpoint of 
dielectric theory and from that of practical application. 

A discussion of the voltage-time characteristics of 
saturated paper insulation next was presented by R. W. 
Atkinson (F’28) accompanied by new data based upon 
extensive experiments on the breakdown life of cable 
samples under impulse and accelerated voltage step 
experiments. The results show clearly the limitation 
of the commonly-used straight hyperbolic voltage-time 
relation, and the wide error which may result. The 
experiments reported indicate that within the range of 
from 5 min. to 500 hr., the voltage-time relation is more 
closely represented by a formula in which the break- 
down gradient is made up of two terms: (1) a constant 
term representing the voltage which the insulation will 
stand for indefinite time, and (2) another term inversely 
proportional to a root of time varying from 1.5 to 4. 
Especially interesting were the studies of breakdown 
under impulse voltages, these indicating values very 
much less than those computed from the law just stated. 
Indications are clear therefore that formulas of this 
type are suitable only for studies on the same type of 
material and within a range of time in which they are 
known to be applicable. The obvious suggestion is that 
the impulse breakdowns are perhaps of straight elec- 
trical character, whereas the breakdowns under sus- 
tained voltage involve other factors such as perhaps 
local liberation of internal heat. Other data indicate 
that high-density papers have higher dielectric strength 
than lower-density papers within the time range men- 
tioned. Another striking fact is that great variation in 
the shape and slope of the voltage-time curves are found 
with different types of impregnating material; thus the 
curves for different compounds may cross not only 
once but even twice. These data help to indicate the 
inaccuracy of comparing the qualities of dielectrics 
without taking into account these variations in the 
shape of the voltage-time curves. 

An extensive series of studies of high voltage cables 
under operating conditions, involving daily measure- 
ments of power factor, loss, and ionization through 
temperature cycles and at excessive voltages, was 
reported by R. J. Wiseman (F’27). A feature of this 
paper was the description of the laboratory arrange- 
ment and testing equipment which provided for testing 
cables carrying heavy current while under voltage stress. 
The cable ends were sealed and internal oil pressures 
were measured as were the dielectric losses and the dura- 
tion of cable life. Based upon an illuminating continu- 
ous record of the experiments, the author discussed 
various factors bearing on cable behavior and the im- 
portance of improvement in methods of studying and 
controlling these factors. Significant data also were 
given as to bursting stresses to which the lead sheath 
was subjected by the load cycles imposed. 

The deterioration of oils under a-c. corona discharge 
next was discussed by K. S. Wyatt, in continuation of 
his work on the deterioration of and wax formation in 
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oils such as used for the impregnation of paper. In the 
experiments the oil was subjected to corona discharge, 
the gases formed thereby forcing the oil into a power 
factor measuring chamber. From the latter, the oil due 
to its own weight flowed back into the original discharge 
chamber, thus permitting a circulating action and con- 
tinuous observation. The results showed a marked in- 
crease in the dielectric loss with duration of corona 
exposure. In the case of a water-white paraffin-base 
oil, in thirteen hours the power factor increased from 
0.4 to 4.1 per cent. The exact nature of the increased 
loss is under further investigation. 

The occurrence of ultraviolet light and X-radiation 
from gaseous discharges within the body of insulation 
were topics discussed by E. B. Baker and R. F. James. 
These types of radiation are thought to be caused by 
electrons and ions falling through high local stresses 
before collision with the matter. Experiments were 
reported showing that the production of such radiation 
usually is associated with unequal potential distribution 
in the dielectric, a condition often noted. Importance 
of the question lies in the possible deterioration of the 
dielectric structure by the ultraviolet and X-radiation. 

Further results of the continuous study of cable 
performance and quality were outlined by D. W. Roper 
(F’14) these being carried out on the cable systems and 
in the laboratories of the Commonwealth Edison Co. 
(Chicago) and correlated with factory tests. The records 
of nearly 300 miles of 66-kv. cable and a large amount of 
33-kv. three-conductor cable over a number of years 
are reviewed and a number of important deductions 
made. Two accelerated life or aging tests are discussed. 
One of these, involving a test voltage of about twice 
operating voltage and with cycles of heating and cooling, 
is much more discriminating and valuable than a test 
at high voltage and without heating cycles. It gives 
results consistent with practical cable operation; this 
correlation with extensive operating experience is sug- 
gested as establishing the test as an adequate method 
of proving the satisfactoriness of any given type of cable 
to meet standard operating conditions. While the es- 
tablishment of such a test and its relation to operating 
performance is an important adjunct to effective future 
developments, it emphasizes the necessity for the de- 
velopment of a laboratory test to predetermine the 
stability of an impregnating compound under service 
conditions, and for a factory test adequate to eliminate 
sections of cable having local imperfections. 

Cables performing perfectly under normally heavy 
loads were shown to have been those saturated with a 
tacky impregnating compound which in two cases con- 
sisted of a mineral oil and in the other two, compounds 
containing rosin or rosin oil, Presence of rosin or rosin 
oil, however, does not necessarily mean that a compound 
will be satisfactory for fully loaded cables; but all cables 
having a perfect servicerecord with normally heavy load- 
ing for long periods, had a low ionization factor. For 
lightly loaded cables these same qualities seem desirable, 
but apparently not as necessary. 
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Measuring Core Loss 
at High Densities 


Modern electrical machines employ flux 
densities in excess of those previously 
measurable by routine methods. The 
refined method now available for densities 
up to 20,000 gausses therefore is recom- 
mended for adoption as standard. 


By 

B. M. SMITH 

Associate A.I.E.E. 

CuCONCORDIA ma ices mene 


Associate A.I.E.E. Schenectady, N. Y. 


Chere ECONOMY and effi- 
ciency of electrical apparatus require a better knowledge 
of the core loss values for magnetic sheet steels at high 
flux densities than heretofore has been available. The 
Epstein method adopted as standard by the American 
Society of Testing Materials is at present the routine 
method of making core loss measurements at normal 
densities. However, it is inadequate for measurements 
at densities above B = 14,000 gausses, and refinements 
have now been worked out in the new scheme which 
make it possible to extend the core loss measurements 
on sheet steel up to B = 19,000, and on some sheet 
steel:up to B = 20,000. Although previously a sine 
wave of applied voltage has been necessary for accurate 
measurements, the new method does not require the 
maintenance of a sine wave of induction in order to 
obtain a true measure of the maximum flux density. 

The over-all accuracy of the measurements obtained 
by this new method approaches the accuracy of 2 to 3 
per cent specified for the standard Epstein apparatus 
and is well within the accuracy of sampling sheet steel. 
Because of its accuracy, simplicity, and convenience, 
this method is recommended for use as the standard 
method in core loss measurements, so that routine ac- 
ceptance tests may be extended to the high flux densi- 
ties met in actual practise. 

The testing equipment used for obtaining core loss 
data at high flux densities consists of an alternator of 
sufficient capacity, an Epstein testing frame, an am- 
meter, a frequency meter, an r.m.s. voltmeter, a flux 
voltmeter, and an astatic reflecting electrodynamic 
wattmeter, connected as shown in Fig. 1. All of these 
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instruments except the flux voltmeter and the watt- 
meter are included in the present routine test equipment 
as described in the A.S.T.M. specifications. The watt- 
meter, while not a portable instrument, is commonly 
used in laboratory testing. The flux voltmeter consists 
essentially of a rectifier and a d-c. voltmeter of the 
D’Arsonval type, so that the indications are directly 
proportional to the maximum flux density in the test 
specimen regardless of the wave shape of the induced 
voltage. 

The method previously in use requires that a har- 
monically varying induction be set up in the test sample 
by the application of a voltage of sine wave form across 
the magnetizing coil of the test frame. This method 
cannot be applied accurately to high density work. 
The chief difficulty is the large magnetizing force which 
causes (1) a distortion of the flux wave, (2) a large 
flux in the test coil and (8) a low power factor. 


DISTORTION OF THE FLUX WAVE 


The distortion of the flux wave operates as a source 
of error in two ways: First, if the maximum flux 
density B,, is determined by an r.m.s. voltmeter in the 
secondary circuit according to the well known formula, 
based on a sine wave voltage, the result will be errone- 
ous. Secondly, it introduces additional losses in the 
specimen due to high frequency components of the eddy 
currents. The theory of the method of determining the 
maximum flux density regardless of its wave shape is 
based on the following: 

1. The maximum alternating flux density is proportional to the arithmetic 


average value of the induced voltage regardless of the wave form of the 
voltage. 


2. If an alternating voltage rectified without changing the wave shape is 
impressed on a d-c. voltmeter of the D’Arsonval type, the instrument 
indications are proportional to the arithmetic average value of the rectified 
wave which is the same as the arithmetic average of each half cycle of the 
unrectified a-c. wave. 


Measuring the average voltage (7. e., the arithmetic 
mean value of a half cycle of the voltage wave, corre- 
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sponding to the point of extreme variation of flux in the 
associated flux wave) instead of the r.m.s. voltage elimi- 
nates the previously mentioned error in the measurement 
of B, and makes it possible to determine the true 
maximum value of the flux irrespective of the distortion. 

It should be noted that when B,, is correctly deter- 
mined, the hysteresis component of the core loss also 
is correct, the error in the measurement being entirely 
in the eddy current loss. Since the total eddy current 
loss is in general a much smaller quantity than the 
hysteresis loss, it is obvious that the correction to the 
eddy current loss is a correspondingly small percentage 
of the total loss. The error in the measured loss cannot 
be eliminated but can be corrected readily by any one 
of a number of methods. The simplest and most rapid 
of these is the per cent eddy method, as it requires 
fewer test data and calculations. The accuracy is well 
within the limit of measurements and the method 
therefore especially is recommended for routine testing. 
In this method, the percentage of eddy current loss for a 
sine wave of induction is assumed based on data ob- 
tained on similar material. The sine wave core loss 


is calculated by the relation 
E W/lb x 100 
Sine-wave W/lb. = irate 


where 


e = assumed per cent eddy current loss 
h = 100 —e or per cent hysteresis 


2 
k ti ( Er.mes- ) 
= ratio E 
Ery.m.s. = the r.m.s. value of the induced voltage 
E = the average value of the induced voltage 


The form factor k can be computed from simultaneous 
readings of the r.m.s. voltmeter and the flux voltmeter. 

The area enclosed by the potential coil of the 
Epstein test frame necessarily is larger than the sample 
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Fig. 2. Core losses of magnetic sheet steels 
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area. This necessitates a correction for voltage induced 
by the air flux. At low magnetization values this is 
negligible, but at high flux densities when the magnet- 
izing force required is large, the correction is appre- 
ciable and must be applied as described below. 

The total voltage induced in the potential coil is 
given by the formula 


E=£H i ote H a 
where 
E =ther.m:.s. value of voltage required 


E; = the voltage induced by the flux in the core 
Eq = the voltage induced by the flux in the air space 


EF, is called the space factor correction voltage. 
This often amounts to 4 per cent of total voltage at the 
highest H values, and if ignored would produce a 
corresponding percentage error in the flux density. 
Since the voltage E’ to be maintained always is computed 
on a sine-wave basis regardless of the form of the 
induced voltage wave, we have 


HH; =444BNAF10- 

HE, = 4.44H N (a— A) F 10-8, whence 
E =444NF10°(BA+H(a—A)) 
in which 


B = maximum flux density in the iron 

N = potential coil turns 

A =area of test sample in sq. cm. 

F = test frequency in cycles per sec. 

a = area enclosed by potential coil in sq. cm. 

H =air flux in gausses. This is equivalent to the magnetizing force in 
gilberts percm. For the purpose of computation, the value of H is 
usually taken from a d-c. magnetization curve of representative 
material 


The low power factor of the circuit emphasizes the 
small phase angle error inherent in every wattmeter 
and also requires that an instrument of large current 
capacity and high sensitivity be used. The desired 
characteristics are obtained by the use of a suspension 
type astatic reflecting electrodynamic wattmeter. 
This instrument by its high sensitivity permits the use 
of a current coil of few turns of heavy cross-section 
conductor. It also permits a potential coil of few turns; 
that is, a very small inductance and a comparatively 
large resistance. 

At first it was expected that the non-uniformity of 
the flux distribution over the length of the sample 
might be a source of considerable difficulty. ‘Tests, 
however, have shown that the non-uniformity at high 
flux densities is no greater than at the moderate densi- 
ties for which the Epstein apparatus was designed; 
therefore it was assumed that for the present error from 
this source could be ignored. 

The test procedure is essentially the same as that for 
testing at normal densities. A 10-kg. sample of 50x 3 
em. strips is made into four bundles and inserted in the 
test solenoids with paper separators at the joints as 
described in the A.S.T.M. specifications. The steps are 
then carried out as previously described. 

Some illustrative core loss curves obtained by the 
routine method are given in Fig. 2. The characteristics 
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of these curves at high flux densities when compared 
to those at normal densities show the value of these 
measurements; the reversal of the silicon steel curves 
confirms what was theoretically expected but seldom 
shown. It is interesting also to note the effect of scale 
on the losses at high flux density as illustrated by the 
two curves of 3.4 per cent silicon steel; one represents 
the losses before pickling, and the other, the losses after 
removing the scale. The benefits of this treatment are 
shown by the measurements to be obtainable only at 
high flux densities. 

The accuracy of these measurements approximates 
very closely the accuracy of the Epstein apparatus 
under the normal test conditions at B = 10,000. This 
was demonstrated by tests using both sine and distorted 
waves at this density. Excellent agreement was found 
between the sine wave core loss and the corrected losses 
obtained with distorted waves. 

The method described is adaptable to the widely 
used Epstein equipment, combining all the advantages 
of simplicity, convenience, expeditiousness, and 
accuracy of that method. In addition, it may be 
extended into much higher densities. Therefore it is 
recommended for use as the standard method for core 
loss measurements in order that routine acceptance 
tests may be made at flux densities more nearly equal- 
ing the highest working densities of modern machines. 


Residences with 


Ne: Welded Steel Frames 


Axzc WELDED steel framing for 
dwelling houses is representative of some of the recent 
experiments in modern building construction. Many 
advantages are claimed for the welded type of con- 
struction, among them being: rapidity and noiselessness 
of construction, flexibility of design, rigidity and 
solidity, low rate of depreciation, and a lower insurance 
rate resulting from the fireproof construction which this 
method makes possible. What is more important is 
the fact that all of these advantages may be realized 
without any appreciable increase in cost over older 
methods of construction. 

Two methods of construction are. indicated in the 
two illustrations. These do not represent any freak 
combination of new materials but embody only tried 
and proved engineering principles and construction 
methods already being applied to larger and taller 
buildings. Interior and exterior appearances of the 
finished houses-are no different from those of similar 
houses built by older methods, but notwithstanding 
this the possibility for individuality in the design and 
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General Elec. Co. Photo. 
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during course of ™ 
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Fig. 2. (Right) Arc — 
welded house frame 
being fabricated on 
the job from standard 
structural shapes 


Lincoln Elec, Co. Photo, 


layout of are welded frame dwellings is thought to be 
greater than that allowed by present construction. 

The entire framework including allinterior partitions, 
of the house shown in Fig. 1, was made up of standard 
sized panel frames previously fabricated in the welding 
shop. As may be noted, duplicate frames were used 
throughout, these being tied together with spacers to 
provide standard wall thickness. Two sizes of panels 
were used: namely, 2x 9 ft., in wall sections without 
windows or doors, and 6 x 9 ft. for sections including 
window or door openings. Gable sections were fabri- 
cated in the shop, then trucked to the building site 
and welded to the framework proper. 

A somewhat different type of construction is illus- 
trated in Fig. 2; in this case standard steel shapes de- 
livered to the building site like lumber were used 
throughout without shop fabrication of any kind. 
Three workmen erected the 10 tons of steel required 
in this building with no other tools than squares and 
the usual are welding equipment. 


ELECTRICAL ENGINEERING — 


Abstracts 


Of Papers to be Presented al the Winter Cee tase 


Pata abstracts of the ma- 
jority of papers to be presented at the A.I.E.E. winter 
convention (January 25-29, 1932) are presented here- 
with, excepting only those papers published in this 
issue of ELECTRICAL ENGINEERING and those not 
available for publication at the closing date of this 
issue. Abstracts of the remainder of winter convention 
papers are scheduled for publication in the February 
issue. Members vitally interested and wishing to 
obtain immediately pamphlet copies of any available 
papers are requested to use the order form appearing 
on p. 70 of this issue. In response to popular demand 
and within its space limitations ELECTRICAL ENGI- 
NEERING subsequently may publish certain of these 
papers, or technical articles based upon them. 


New High Speed Distance 


Relay With Impedance- By 
S. L. Goldsborough! 


Reactance Characteristic W. A. Lewis? 


Tue TWO general types of distance relays for isolation 
of faulty sections of transmission line are impedance relays, oper- 
ating upon the impedance of the line between the relay and the 
fault, and reactance relays, operating upon reactance alone. 
Each of these types has certain advantages as well as certain 
disadvantages; it is the purpose of this new relay to combine the 
principal advantages of both types. 

The impedance relay is fundamentally more simple, and can 
be made to operate at a considerably higher speed. However, 
the presence of accidental are resistance at the point of short 
circuit increases the impedance as viewed from the relay, and 
makes the fault appear more distant than it really is. On the 
other hand the reactance relay is affected to a less extent by the 
presence of are resistance, but in general requires a more com- 
plicated structure which does not lend itself readily to obtaining 
high speed. Furthermore, additional features are required to 
prevent the operation of this type of relay under normal load 
conditions. Difficulty is also experienced in making the auxiliary 
features operate properly in all cases. 

Although a relay of this new design can be made to operate as 
a pure reactance device, it is believed that more satisfactory 
operation can be obtained by an intermediate characteristic. 
This modified characteristic permits a relay to be obtained which 
combines the mechanical simplicity and inherent possibilities of 
high speed of operation, so desirable where stability is a factor, 
and the greater independence of the reactance type relay from 
the effects of fault resistance on the shorter lines. (A.I.E.E. 
Paper No. 32M1) 
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The Theory of 
Oil Blast Circuit Breakers 


By 
D. C. Prince?* 


Direct experimental proof of the oil blast theory of 
are interruption has been assembled. A circuit breaker has been 
constructed having oil driven between its electrodes at a measur- 
able velocity, and tests show that a correlation exists between 
the rate of recovery voltage rise and oil velocity. This correla- 
tion corresponds to an oil dielectric strength of 55 ky. per 1/10 in. 
of oil. ‘To determine whether or not this correlation is accidental, 
relations between voltage and oil velocity and between current 
and oil velocity have been studied, but correlation does not 
appear. Impulse tests also have been made on clean and car- 
bonized oils. 

Comparative data are available for various methods of forcing 
the oil blast between the electrodes. It has been found that at 
the current zero there is a correlation between voltage recovery 
rates and chamber pressure. This result is surprising since the 
relation between pressure and oil flow are complicated by the 
circuit, of passages, back pressure due to oil head and gases gen- 
erated by the expelled are. 

The laws which govern all variables involved in the design of 
oil blast circuit breakers are known with the exception of the 
amount of energy developed by the are, and even this factor has 
been observed empirically. Although considerable refinement 
of the oil blast theory remains to be done, as a whole it rests upon 
the secure foundation of comprehensive tests and calculations. 
(A.I.E.E. Paper No. 32-8) 


The Practical Application of the Oil Blast 


i ait é : : B 
Principle of Circuit Interruption — gM. purck! 


Devetopments in theory, calculation, and test 
results of circuit interruption by means of the oil blast, have 
placed new tools in the hands of designers, enabling them to 
construct apparatus of greater efficiency and consistency of 
performance than heretofore possible. Various applications of 
these new methods have been made to circuit breakers of all 
classes and voltages. Circuit breakers equipped with the oil 
blast device show consistently short are lengths and unusually 
short periods of are duration, even at high rates of recovery 
voltage rise and over wide ranges of current. The result of this 
is that contact burning and oil deterioration are minimized and 
maintenance is greatly reduced. The rapid are extinction char- 
acteristic of the oil blast design makes it admirably suited to 
breakers requiring high speed of operation. 

In most types of circuit breakers, the method of securing the 
oil blast is by having an auxiliary gap which opens first and by 
means of the are formed generates gas to create pressure within 
the chamber. As the main gap opens, the pressure generated by 
the auxiliary gap is forcing oil at high velocity through the main 
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gap and down through the contact rod so that the are products in 
the main gap are replaced with solid oil of high insulation value 
which resists puncture by the recovery voltage and at an early 
current zero prevents further current flow. In a new circuit 
breaker of very high operating speed the oil blast is obtained, 
not by the generation of gas in an auxiliary blast but by a piston 
acting in a cylinder containing oil. (A.I.E.E. Paper No. 32-9) 


Recent Developments By 
R. C. Van Sickle? 
in Arc Rupturing Devices W. M. Leeds? 


Tus EXTINCTION of an a-c. are by the deion grid 
method has been very successfully applied during the past two 
years to the design of an extensive line of are rupturing devices 
for oil circuit breakers of all voltage classes. Refinements have 
been made in the theory of operation of deion grids and in the 
construction of several types. Field operation and special tests 
have given much information regarding these devices. 

With the deion grid circuit breakers the are in oil is drawn 
through a narrow insulated slot open at one end, and magnetically 
forced into a series of oil pockets. The gas generated can escape 
only by passing through the are stream so that the are is subjected 
to a continuous turbulent blast of fresh un-ionized gas. <A dielec- 
tric strength of perhaps twenty times the are voltage is estab- 
lished within a very few microseconds, and is further increased 
as deionization continues with the aid of the gas blast. 

Laboratory tests have shown that the replacing of plain or 
quick-break contacts by deion grids reduces the duration of 
arcing on a 66-ky. circuit to only from 1/4 to 1/7 of the former 
arcing time, while the are energy was only from 5 to 10 per 
cent of the values associated with the old style of contact. 
Similar results have been observed with circuit breakers for 
all other classes of service. These results mean great improve- 
ment in system stability, reduction in contact depreciation and 
oil deterioration, and make possible long periods of service 
without maintenance to the circuit breakers. (A.I.E.E. Paper 
No. 32-10) 


Extinction of A-C. 
Arcs in Turbulent Gases 


By 


T. E. Browne, Jr.? 


hs CIRCUIT breakers employing ares submerged in 
liquids such as oil, carbon tetrachloride, or water, the surrounding 
liquid surface serves both to restrict the are space and to furnish 
a gas blast by rapid decomposition under the influence of the 
high temperature are. The fiber tube of the common expulsion 
fuse acts in a similar manner. In the liquid circuit breakers, 
various devices are available to increase the interaction between 
are and liquid, thus aiding in are extinction. 
The results of recent experiments to obtain conclusive evidence 
of the actual mechanism of such action reveal the following 
facts: 


1. In general, the interrupting ability of an a-c. arc is greatly improved by 
turbulent motion of the arc gases, in a fast circuit this improvement in- 
creasing almost in direct proportion to the gas velocity from which the 
turbulence results. ; 


2. The interrupting ability of a turbulent a-c. are depends very largely 
upon the composition of the arc gases, most gases being decidedly superior 
to air in this respect. 
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3. The recovery of dielectric strength following a current zero by an a-c. 
are subjected to turbulence takes place in two consecutive phases; the first 
consisting of a very rapid recovery to a substantial value in a few micro- 
seconds, and the second of a very much slower further recovery for a much 
longer period. 


4. At least one practical gas blast circuit interrupter, the expulsion fuse, 
exhibits a volt-time interruption characteristic which clearly indicates the 
role of gas turbulence inits operation. (A.I.E.E. Paper No. 32-11) 


High Voltage Bridge 
for Measurements of Cables By 


CLDawes 
with Grounded Sheaths ALR bible 


Precision bridge measurements are now in use for 
measuring the dielectric properties of cables when the current 
through the dielectric can be conducted directly from the sheath 
to the measuring apparatus. As a rule, however, these methods 
cannot be applied to cable with sheaths in electrical contact with 
ground. There is one method in which bridge measurements are 
made of all system losses, with and without the test cable con-— 
nected in the circuit; the difference gives presumably the power 
loss in the cable dielectric. This method does not give the cable 
electrical properties (power, power factor, and capacitance) 
directly, and special precaution must be taken in connecting the 
cable. 

There has been developed a bridge method which does measure 
directly, and with a high degree of precision, the values of the 
electrical properties of the test cable even though the sheath of 
the latter may be grounded. In this method, a four-arm bridge 
consisting of a standard air condenser and some condenser or 
cable other than the test cable is first balanced, with the terminal 
of the galvanometer at the condenser or cable grounded. This 
balances all system losses to ground. Then the bridge is re- 
balanced with the test cable connected in circuit. After this 
last balance, none of the current through the test cable can flow 
to ground, but must flow through its appropriate bridge arm. 
The dielectric measurements and also the cable properties thus 
are read directly from the bridge balance and do not involve 
correction for system losses. (A.I.E.E. Paper No. 32-12) 


A High Sensitivity By 


W. B. Kouwenhoven® 


Power Factor Bridge A. Banos, Jr.§ 


An A-C. BRIDGE of high precision has been devel- 
oped for power factor measurements in an investigation of the 
properties of cable compounds and papers and of the character- 
istics of cables that occur after impregnation. The bridge, a 
modified form of the Schering bridge, possesses several novel fea- 
tures and advantages. The detecting instrument is a moving coil 
a-c. galvanometer with field excitation supplied from a phase shift- 
ing transformer permitting independent ratio and phase-angle 
balances. A shielded transformer electrostatically isolates the 
galvanometer from the bridge circuits. This bridge is com- 
pletely shielded and guarded. 

The analytical theory of the resulting mesh connection has 
been developed in a general manner so that this mathematical 
treatment may be applied to any similar network. Complete 
study has been made of the effects upon the balance relation of 
various sources of error, such as for example, failure to balance 
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guard circuits properly and the presence of leakage resistance 
between measuring and guard circuits. 
cation of the equations has been produced. Power factors of 
specimens of cable material have been measured ranging from 
0.00007 to 0.16 with a maximum variation of + 0.000005. 
(A.L.E.E. Paper No. 32-13) 


Power Factor Measurement 
By 


by the Capacitance Bridge R. P. Siskind! 


SEVERAL types of capacitance bridge for the mea- 
surement of both capacitance and power factor of dielectric speci- 
mens are in use at the present time. Some of these make a direct 
comparison between the capacitance under test and a standard 
capacitance. For accurate power factor measurements upon 
dielectric specimens at low voltages and audio frequencies, how- 
ever, a substitution method is generally preferred. Two sub- 
stitution methods which may be referred to as the ‘‘direct’’ and 
the “‘parallel’”’ are commonly employed. With each method, a 
small change in the phase angle of the arm of the bridge circuit in 
which the substitution is made occurs. The compensation for 
this change enters directly into the measurements, and the 
essential differences between bridges in common use is in the 
manner of making this adjustment. 

A recommended type of capacitance bridge has been developed 
having the following advantages: 


1. All operating controls are at ground potential reducing the effects of 
hand capacitance to a minimum. 


2. The bridge is entirely self-contained except for oscillator, amplifier, and 
telephone receivers. 


3. All parts except the high-potential terminal for the lead to the test 
specimen are shielded totally. 


4, All controls are variable continuously. 


5. The bridge may be constructed entirely of standard parts, the shielding 
excepted. (A.J.E.E. Paper No. 32-14) 


The 


B 
Photoelectric Recorder Y 


C. W. LaPierre® 


Tus MOVING parts of electric indicating instruments 
may be light in construction and of low torque, thus requiring 
small energy input from the circuit being measured. When it is 
desired to record these measurements, however, the moving parts 
are usually heavier in weight and require higher torque than the 
corresponding parts of indicating instruments. 

A photoelectric recorder has been developed combining all the 
advantages of the direct-acting recorders with those of the most 
sensitive indicating instruments. This is accomplished by pro- 
viding a separately excited recording element to do the actual 
work of making the records. A sensitive indicating instrument 
controls the position of the recording element, the only link be- 
tween these two being a combined optical system and photoelec- 
tric circuit. As the only equipment placed on the shaft of the 
basic or indicating element is a galvanometer mirror, this element 
may be even more sensitive than the usual indicating instruments 
with pointers. Through a system of mirrors and photoelectric 
tubes the position of this mirror controls the position of the re- 
cording element which readily may possess as much torque and 
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Experimental verifica- : 


be as heavy and sturdy as desired without affecting the basic 
element or measured circuit in any way. In general, anything 
which can be indicated can be recorded continuously by means of 
the photoelectric recorder. It is self-compensating for all normal 
changes in supply voltage, lamp illumination, and pliotron and 
photoelectric tube characteristics, and is of an extremely high 
accuracy. (A.I.E.E. Paper No. 32-15) 


Interconnection of Primary Lightning Arrester 


Ground and Grounded Neutral 8, 


: C. F. Harding’ 
of the Secondary Main C. S: Sprague? 


V arious possible transformer connections and 
protective devices on standard 60-cycle overhead power and 
lighting distribution systems. having 4,000-volt four-wire pri- 
maries and power and lighting secondary mains have been in- 
vestigated over a period of years. Considerable information was 
furnished by an experimental line with an insulated artificial 
cloud charged to potentials up to 150 kv. by means of a surge 
generator. Among the conclusions reached are the following: 


1. Efficient primary protection upon an overhead distribution system 
affords a considerable degree of protection to secondaries located below the 
primaries. 


2. A well-grounded secondary neutral wire acts in reducing potentials on 
adjacent wires. 


3. With existing transformer design, the insulation of the secondary 
winding may be considerably over-stressed by surges having steep wave 
fronts, without excessive stress on the primary insulation. Such secondary 
stresses may be relieved by improvements in secondary insulation. 


4. Low ground resistances, although desirable in other respects, do not 
reduce necessarily the initial potentials which may be induced upon the 
system. 


5. A non-inductive load in the consumer’s premises reduces the potentials 
at the service entrance 60 to 70 per cent. 


6. Tests have shown that the interconnection of primary lightning arrester 
ground to the grounded neutral of the secondary main effects a considerable 
reduction in voltages at the transformer and imposes no extra hazard upon 
the consumer's wiring. (A.I.E.E. Paper No. 32-16) 


Field Studies of the Protection 
of Distribution Transformers —_By 

K. B. McEachron® 

L. Saxon? 


By Lightning Arresters 


A COOPERATIVE field study with portable impulse 
generator and cathode ray oscillograph was made of the lightning 
protection of transformers connected to a 4.45-mile, 4,600-volt 
rural distribution circuit. The tests described were made with 
the pellet arrester. The results show that: 


1. Although the arrester discharge voltage is but a fraction of the strength 
of the transformer, arrester ground resistances may be high enough not to 
protect the transformer if the usual connection to ground isemployed. This 
results in either blown fuses or winding failure. 


2. Interconnection of the primary arrester ground and secondary neutral 
gives a high degree of protection to the transformer from surges originating 
on either primary or secondary, regardless of the arrester ground resistance. 
ee ee 
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3. With low resistance secondary grounds, such as water pipes, both 
lightning voltages and power voltages on the consumer’s premises will be 
negligible in value, either with or without the above mentioned inter- 
connection. 

4. With interconnection it is believed that the possible hazard between 
separate grounds which now may exist on the consumer’s premises, resulting 


from high resistance secondary grounds, will be greatly reduced. (A.I.E.E. 
Paper No. 32-17) 
Protection of Distribution 
4 By 
Transformers from Failure A. M. Opsahl? 
A. S. Brookes?® 
Due to Lightning R. N. Southgate” 


Usuat methods of connecting arresters for the pro- 
tection of distribution transformers often are inadequate, result- 
ing in flashover of bushings or windings due to lightning, even 
though the arrester in itself is capable of protecting the trans- 
former with a large factor of safety. Such flashover may be 
attributed to the fact that surge current flowing to ground 
through the ground leads of the arrester gives rise to inductive 
drop and resistance drop which add to the arrester voltage. 

Improved protection of the transformer results from the con- 
nection of the arrester ground lead to the secondary circuit. 
The following methods limit the surge voltage across the bushing 
approximately to the characteristic crest voltage of the primary 
arrester, but differ in resulting secondary voltages: 


1. Direct connection of a low resistance primary arrester ground to a 
grounded secondary neutral produces no higher voltages on the customer’s 
service than are experienced when flashover occurs with the present pro- 
tection schemes. 


2. Connection of the primary arrester ground to the secondary neutral 
through a low voltage arrester gives substantially the same results as with 
the direct connection. 


3. Connection of the primary arrester ground through two low voltage 
arresters to the secondary outside wires results in increased customer 
voltage. (A.I.E.E. Paper No. 32-18) 


Studies in Lightning Protection 
on 4,000- Volt Circuits—lll 


By 
D. W. Roper 


For A NUMBER of years accurate data regarding the 
causes of lightning failures on distribution lines in the Chicago 
district and the effect of various methods of reducing these 
troubles have been kept. For Chicago conditions it appears 
possible to reduce the total number of transformer troubles 
annually caused by lightning to less than one per thousand 
transformers installed, through the adoption of the suggestions 
below: 


1. Use the four-wire three-phase system of distribution with grounded 
neutral. 


2. Install lightning arresters at locations where transformers are connected 
to overhead primary mains, using low voltage arresters on the neutral wire 
and valve type arresters suitable for the ‘““Y’’ voltage on the phase wires. 


3. Use transformers having insulation on the coils and leads that will not 
deteriorate with age and which will withstand a transient voltage test 
safely above the voltages to which the transformer will be subjected in 
service when protected by the arresters. 


10. Public Service Elec. & Gas Co., Newark, N. J. 
11. Commonwealth Edison Company, Chicago, Il. 
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4. If conditions warrant, install a second ground wire and connect it to a 
second ground rod. 


5. Select newest transformers for installation in districts of low trans- 
former density. 


6. Require each customer to ground his neutral wire to a water pipe on his 
premises. 


7. Connect the neutral wire of each section of secondary main to at least 
two ground rods; and on long mains install ground rod connections at inter- 
vals not exceeding 600 ft. 


8. Where transformers are connected to primary mains 1,500 ft, or more 
distant from the next adjacent transformers, install on the pole about 600 ft. 
from the transformers the same lightning arrester equipment as on the 
transformer pole. 


9. Install lightning arresters on all cable poles. 


10. Ground the lead sheaths of all underground primary cables. (A.I.E.E. 


Paper No. 32-19) 


Investigation of Lightning Protection sy 
T. H. Haines# 


for Distribution Transformers CuANComes 


A HISTORY is presented in this paper showing the 
results of lightning arrester protection for distribution trans- 
formers in New England, where the normal ground electrode 
resistance is much higher than in most other parts of this country. 
The general conclusions indicated by this study may be sum- 
marized as follows: 


1. Experience has indicated that the application of lightning arresters to 
line transformers in areas affected by lightning reduces the trouble rate by 
about 50 per cent. 


2. Variation in ground resistance within the values readily obtainable in 
this territory has slight effect upon the efficiency of the arrester. 


3. The value of treating grounds or the installation of multiple grounds in 
an effort to lower resistance is questionable unless by so doing the resistance 
can be decreased to a value of approximately 100 ohms or less. 


4. Insufficient electrical clearances in the smaller and older transformers 
are an important source of lightning trouble. Larger bushings, and greater 
clearances are clearly indicated as a necessary feature of correct transformer 
design. (A.I.E.E. Paper No. 32-44) 


Distribution System 


B 

Lightning Studies by H. A. Damblyi# 
H. N. Ekvall2# 

Philadelphia Electric Co. H. S. Phelps!# 


IvestiGAaTIONS of lightning troubles have been 
conducted since 1921 on the distribution system of the Phila- 
delphia Electric Company, to determine the magnitude and 
nature of trouble in various localities, the effectiveness of light- 
ning arresters under field conditions, and methods for improving 
service continuity. The conclusions may be summarized as 
follows: 


1. About 5 per cent of the aerial distribution transformers annually ex- 
perience trouble due to lightning, the small transformers being the more 
susceptible. 

2. Lightning arresters were found to afford little benefit to transformers of 
15 kva. and less, and substantial benefit to the larger sizes. 
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3. The obtaining of reasonable conclusions required that all major factors 
influencing lightning trouble be considered and all data be reduced to a 
common basis. 


4. Because of the many factors involved, it has not been possible to deter- 
mine thus far whether there is a material difference between the suscepti- 
bility to lightning trouble of grounded and ungrounded systems. 


5. Low ground resistance may be obtained at low cost by connecting the 
arrester ground wire to the secondary circuit grounded neutral. 


6. Customer interruptions from trouble on the primary system far exceed 
those from trouble on the secondary system. 


7. The number of customer interruptions of less than 5 min. greatly 
exceeds the number of those of more than 5 min.; however, based on cus- 
tomer-hour interruptions, the order is reversed. 


8. The major number of customer-hour interruptions due to all causes 
occur during electrical storms. At least one-half of these are attributable 
directly to lightning disturbances. 


9. Lightning protection of distribution systems has been found to be of 
major importance from the standpoint of improving service continuity. 
(A.I.E.E. Paper No. 32-20) 


Equivalent 
By 


Circuits FAAS Starrs 


E ouIvaALENT circuits have been used from time to 
time in the solution of various magnetic and electrical problems. 
They have been found valuable in that they clarify the problem, 
simplify the analysis, and provide a means of replacing magnetic 
coupling with pure impedance links, thereby permitting the use 
of the calculating board for solution. 

A particular problem has prompted a new study of representing 
a system of coupled circuits by an equivalent composed of pure 
impedance links. This problem arose primarily through the 
difficulty of representing adequately on the calculating board, 
groups of parallel transmission lines in which zero phase currents 
were flowing. In order to represent such a group on the caleu- 
lating board it is necessary to replace the group with an equiva- 


lent circuit in which mutual impedance between the lines is 


simulated by pure impedance links. Closely related to the 
problem of coupled circuits is the general network problem. 

In the present study the general equivalent mesh for the 
n-winding transformer is derived, as well as that for the mesh 
equivalent of the general network having m -+ 1 points of entry. 
These provide a background for the study of system networks 


involving groups of parallel transmission lines in such a manner 
as to simplify the problem greatly. These methods are perfectly 


general and may be applied to many other problems. (A.I.E.E. 


_ Paper No. 32-21) 


Transient Oscillations of 


Mutually Coupled Windings 


By 
L. V. Bewley® 


Ix THE PAST, the mathematical analysis of transient 


oscillations in transformer windings has been based upon a 


instance, resistances representing the losses. 


single winding having self and mutual inductances between its 
turns, capacitances along the stack and to ground, and, in one 
Such a circuit 


_ ignores the presence of secondary circuits, but strangely enough 


proves adequate to describe the internal high frequency transients 
of the winding under consideration, not only qualitatively but 
quantitatively as well. Cathode ray oscillograms, however, do 
show some difference in the characteristics of the oscillations, 
depending upon the terminal connections of the secondary circuit. 
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Also, there is nothing in the single winding theory of transformer 
oscillations relative to the internal oscillations of the secondary 
circuit. 

A mathematical study has been made of the oscillations occur- 
ring in the mutually coupled primary and secondary windings 
of a transformer when one of the terminals is subjected to the 
impact of a traveling wave. Solutions for grounded and open 
terminal conditions are obtained, but the general solution for any 
impedances at the terminals is not attempted, except for the 
initial distribution. (A.I.E.E. Paper No. 32-4) 


Geometrical Circuits 
B 
of Electrical Networks ; 


R. M. Foster! 


Ie ALL THE ELECTRICAL properties of a given 
electrical network are abstracted, there remains a geometric cir- 
cuit completely characterized by the sets of branches terminating 
at the various vertexes. The use of such geometric circuits in 
place of the networks is desirable in the solution of a number of 
different problems. A successful application of this method re- 
quires to start with a complete enumeration of all distinct circuits 
classified according to certain specified properties. 

In the present study enumerations of geometric circuits have 
been made, classified according to two different parameters, the 
nullity (number of branches minus number of vertexes plus 
number of separate parts) and the rank (number of vertexes 
minus number of separate parts). The geometric circuits which 
are symmetrical with respect to all branches and all vertexes, 
also have been listed. (A.I.E.E. Paper No. 32-22) 


B 
The Breakdown of Glass N. D. Kenney's 
c f : A. M. Luery?® 
With Alternating Potentials J. D. Moriaty?” 


Tur FAILURE of solid dielectrics does not take place 
by one mechanism of breakdown but by several, different laws 
governing each type of failure. For some time thermal break- 
down has been established as one of the mechanisms of puncture, 
and in 1928 there was found a type of breakdown in which the 
potential gradient is independent of temperature and thickness. 
This latter was spoken of as in the disruptive region. In 1929 a 
third type of breakdown was found lying between the previous 
two, and was termed as in the intermediate region. 

These former experiments were conducted with direct poten- 
tials and additional experiments have been made recently to 
determine the results with alternating potentials. Glass was 
used as the test material. 

It was demonstrated that three distinct regions of breakdown 
are obtained with alternating current, similar to those with direct 
current. In the disruptive and intermediate regions, it was 
found that breakdown occurs at an alternating peak voltage 
approximately equal to the direct breakdown voltage, while in 
the thermal region breakdown occurs at an alternating peak 
voltage somewhat lower than the direct breakdown voltage. 
(A.I.E.E. Paper No. 32-23) - 
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The Predetermination of the By 


J. B. Whitehead® 
A.C. Behavior of Dielectrics A. Banos, Jr.5 


Cuarce and discharge currents of any type of di- 
electric under continuous potential make it possible to predict 
accurately the loss, power factor, and capacity at 60 cycles. 
This is done by an empirical determination of the equation for 
the relaxation function of the dielectric at a given temperature, 
followed by the application of von Schweidler’s method. The 
method developed is available at any frequency, provided the 
continuous potential charge and discharge currents may be 
measured over initial time intervals comparable with the alter- 
nating period. 

A convenient and sufficient expression for the relaxation func- 
tion is shown in this paper to be a sum of three exponentials. 
Further, experiment and analysis prove that the method of three 
exponentials predicts accurately the a-c. behavior of a dielectric 
at 60 cycles. The usual forms of irreversible conduction en- 
countered also are defined and classified. The case in which the 
initial constant current does not obey Ohm’s law has been 
considered analytically as regards its contribution to the a-e. 
behavior. (A.I.E.E. Paper No. 32-45) 


Radio Interference 
By 


from Insulator Corona F. O. McMillan" 


Pousxisnep in full in this issue of HLEcTRICcAL 
ENGINEERING, p. 3-9. Pamphlet copies not available. 


Relationships Among the Magnetic 


Properties of Magnet Steels and 
By 


Permanent Magnets K. L. Scott!® 


Open CIRCUIT remanence of magnet steels is the 
magnetic induction at the magnetic equator of a permanent 
magne; with no external magnetizing or demagnetizing force. 
A new relationship has been found connecting the open circuit 
remanence of a permanent magnet with the factors determining 
its value. By plotting the ratio of remanence to residual induc- 
ion as the ordinate, and using as the abscissa the ratio of the 
product magnet lengths times square root of coercive force to the 
product of equivalent diameter times the square root of residual 
induction, a curve is obtained which appear: to be general and 
valid for all kinds of magnet steel. 

Various quantities have been proposed for use as criteria of the 
magnetic quality of magnet steel, the quantity having the great- 
est theoretical justification being the maximum value of the 
product of the coordinates of the demagnetization curve for a 
given field, where the demagnetization curve is the portion of the 
hysteresis loop between residual induction and coercive force. 
Experimental justification of the validity of this criterion has 
been secured. However, it is approximated by the product of 
residual induction and coercive force, and as this latter quantity 
can be determined with less effort, it is preferable for routine use. 
(A.LE.E. Paper No. 32-24) 
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Auxiliary Drives 
By 


for Steam Power Stations F. H. Hollister’ 


Essen TiALLy the full content of this paper is pub- 


lished in this issue of ELpcrricat ENGINEERING, p. 20-1. Pam- 
phlet copies not available. 
Steam Driven 
eye By 
Auxiliaries for Power Plants W. P. Dryer* 


Essen TrALLy the full content of this paper is pub- 
lished in this issue of ELectricaL ENGINEERING, p. 21-5. Pam- 
phlet copies not available. 


Electrically Driven Auxiliaries 
By 


for Steam Power Stations L. W. Smith” 


Essen rrALLy the full content of this paper is pub- 


lished in this issue of HLecrricaL ENGINEERING, p. 25-8. Pam- 
phlet copies not available. 
Proposed Definition of Terms 
By 
Used in Power System Studies H. K. Sels! 


Tus INSTITUTE’S subject committee on definitions 
has submitted its report on terminology for power system inter- 
connection and stability studies. The report covers the five 
following general divisions: interconnection terms, stability 
terms, active power and reactive voltampere conventions, syn- 
chronous machine quantities, and response of excitation systems. 
In preparing its report the committee has reviewed technical 
literature and consulted representatives of members of various 
A.I E.E. committees. 

The definitions presented are descriptive and cover the field 
practically in its entirety. While many of these may be con- 
sidered arbitrary, they have been chosen in the best interest of 
the profession. Their general adoption will lead to a better 
mutual understanding with less possibility of confusion and con- 
troversy on technical questions. (A.I.E.E. Paper No. 32M2) 


Experience with Electrical Stability of 


Conowingo Station of Philadelphia By 
R. A. Hentz}8 


Electric Co. System J, W. Jones!# 


A BRIEF description of the Philadelphia Electric 
Company system with particular reference to the features 
influencing stability of the Conowingo hydroelectric station is 


20. Sargent and Lundy, Inc., Chicago, Ill. 
21. Stone and Webster, Inc., Boston, Mass, 
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iven in this paper. It summarizes the various calculations and 
ssts associated with the stability problem, and presents a record 
f operating experience from a stability standpoint during four 
ears of service. 

Several cases of instability due to line faults have occurred. 
thorough study of the matter was undertaken and as a conse- 
uence changes were made in the equipment and system set-up, 
ivolving the development and installation of higher speed 
ircuit breakers and relays. 

Detailed records are given for all faults on those parts of the 
ystem intimately associated with the Conowingo development. 
‘hese records show the improvement in stability obtained by the 
hanges in the system and indicate attainment of a generally 
atisfactory condition. (A.I.E.E. Paper No. 32-25) 


ee . als . B 
Seneralized Stability Solution od ered 


W. A. Lewis? 


for Metropolitan Type Systems ernie 


SraBiLiry studies of metropolitan type systems 
nay be profitable not because instability has been a serious 
yperating problem, but because such studies often may permit 
nore reliable or economical layouts to be utilized safely. A sim- 
ified method for determining the degree of stability of any lay- 
ut of a metropolitan type system is presented in this paper. 

General stability curves are given by means of which the 
ransient stability during faults may be determined. The results 
re obtained as the permissible fault duration in terms of certain 
ndexes of the system and fault. For a particular fault these 
ndexes may be found from a short-circuit study made on a d-c. 
alculating board or its equivalent; only three readings are 
equired to obtain the result. (A.I-E.E. Paper No. 32-26) 


A\n Induction Motor with By 


A. G. Conrad”4 
Paralleled Rotor and Stator R. G. Warner’ 


A LITTLE known method of operating induction 
notors is to parallel the rotor and stator windings. When 
his is done the pull-out torque as a motor is approximately 
loubled and the continuous horsepower output may be increased; 
vs an induction generator, the maximum kva. output is increased. 
[he machine may be operated simultaneously as a motor and as a 
renerator. For heavy loads the efficiency is higher than that of 
the same motor operated with its sliprings short-circuited; and 
f the motor is to operate over a wide range, maximum efficiency 
nay be secured by using a switching arrangement to short-circuit 
she rings at light load. 

By paralleling the rotor and stator windings the rating of a 
riven motor may be increased, the initial cost of a motor required 
(0 drive a given load will be less, and the no-load losses may be 
nade smaller. If the ratio of stator to rotor currents is other than 
ypproximately 1:1, the windings may be paralleled through an 
wuto-transformer. This should improve performance, since the 
wransformer will by-pass part of the low frequency current that 
ordinarily would flow through the supply transformers. Tests 
yn a machine with rotor and stator paralleled directly, indicated 
swo disadvantages: the machine was noisy and the exciting 
surrent was high. This, however, might be eliminated by special 
designing. (A.I.E.E. Paper No. 32-27) 
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Some Considerations in the 
Design of Damper Windings 


By 
For Synchronous Motors C. C. Shute? 


Ex Tension of the application of synchronous mo- 
tors to include more specialized fields requires that the design of 
damper windings for special starting performance become a more 
exact art. Possibilities and limitations in the performance which 
may be obtained by variation of the damper winding design are 
brought out by classification of the various types of these 
windings. 

Damper windings may be classified arbitrarily as low reactance 
and high reactance types. The low reactance windings include 
those made up of round or rectangular bars of such size that skin 
effect has only a negligible influence upon the distribution of the 
current in the bar. These windings are well suited to give a high 
ratio of torque to kva., especially during the initial part of the 
starting period. Many other types of performance including 
fairly uniform torque over the starting period, or a low starting 
torque with high pull-out torque or a relatively low kva., can be 
obtained with high reactance windings. These include all forms 
of double-deck windings as well as bars which are subject to 
appreciable skin effect; also single-deck windings, the characteris- 
ties o: which change noticeably as the motor comes up to speed. 
(A.I.E.E, Paper No. 32-28) 


Power Losses 


: : By 
in Electrolytic Condensers F. W. Godsey, Jr. 


ELecrrotytic condensers on a-c. circuits have 
higher power losses than would be expected from the leakage 
currents and electrolyte resistances. Likewise, losses change 
with the applied voltage, temperature of the cell, the frequency 
of the applied voltage, and with external circuit conditions 
governing current wave shape in such ways that it is almost 
impossible to predict results in advance. When a sine wave of 
voltage is impressed the current wave usually contains large 
harmonies, indicating a non-linear function in the impedance of 
electrolytic condensers. Increases in voltage, temperature, fre- 
quency, and concentration of the electrolyte also cause increases 
in the harmonies in the current wave. 

A film on the anode surfaces saturated with the electrolyte 
solvent would explain the characteristics as measured and also 
make it possible to predict characteristics with some accuracy. 
Ion penetration of the outer regions of the film, and a compara- 
tively continuous film near the anode, explain the non-linear 
characteristics. The variation of the electrolyte potential can 
be predicted on this basis, and power losses also are more easily 
predictable. (A.I.E.E. Paper No. 32-30) 


Film Characteristics 


By 
of Electrolytic Condensers F. W. Godsey, Jr.26 


ELecrrotyTic condensers of the film forming 
type have some interesting characteristics which have never been 
satisfactorily explained. Extremely thin oxide or hydroxide 


26. Safety Car Heating & Lighting Co., New Haven, Conn. 


films, formed on the surface of the metal anodes, seem insuffi- 
cient in themselves to explain the complete action. Likewise, an 
electromotive equilibrium is insufficient to explain the action. 
Electrolytic condensers with extremely low applied voltages 
show large variations in measured capacity from high voltage 
measurements. The results indicate a film in which ion penetra- 
tion plays a large part. Assuming the presence of a film saturated 
with water as the dielectric overcomes a number of former ob- 
stacles and lessens the necessity for the very thin films formerly 


assumed. (A.I.E.E. Paper No. 32-31) 
Electrical By 
a otee A. W. Simon?? 
Precipitation L. C. Kron’ 


Corrreti treaters have found many applications in 
various industries for the recovery or removal of smoke, dust, 
and fume particles from their containing gases. Precipitation 
efficiency, or percentage removal, depends upon a number of 
fundamental variables. A study made of these factors has placed 
the process on a more quantitative basis than formerly was 
possible. 

Experiment shows in general that the precipitation efficiency 
increases with the treatment time, voltage, current, and power, 
according to a curve which partakes of the nature of that for a 
condenser charge; in other words, the relationships are exponen- 
tial, and the cleaner a gas becomes the harder it is to remove more 
particles from it. The value of operating voltage above that 
necessary to produce corona was found to have little effect upon 
the cleaning efficiency, but the current flowing between elec- 
trodes and through the gases within the precipitator is of con- 
siderable importance to efficiency. (A.I.E.E. Paper No. 32-32) 


Commutation Considered 
As a Switching Problem 


By 
R. E. Hellmund? 
L. R. Ludwig? 


Tur USUAL commutation theories deal with the 
reversal of the current in the commutating coil and with means 
for bringing about such reversal either along a straight line or 
curve. The principal object in such studies is to accomplish 
commutation without excessive current densities under the 
brush. Frequently, however, it is impossible to realize this, and 
the phenomenon which results is essentially one of switching. 
With this new concept in mind, factors may be studied which 
previously have not been considered. 

For example, the mutual and self-inductance of the windings 
and their capacity may have an effect upon the energy to be 
dissipated during commutation. With this concept of switching 
in mind it ean be seen that there may be a difference in commuta- 
tion between shunt, series, or separately-excited machines, and 
with laminated or solid field structures, although the speed, cur- 
rent, and commutating fields are the same. Also, a-c.commuta- 
tor machines may be affected by the transformer to which the 
machine is connected. Interesting results are obtained with two 
series-connected motors on a motor car, especially in a-c. motors 
having no damping effects in their field structure. During cer- 
tain conditions each motor may have an effect upon the commu- 
tation of the other; this is explained readily by the switching 
theory. In general, the commutating phenomena cannot be 
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considered as analyzed completely unless the possibilities of the 
switching phenomena as influenced by the various connected 
circuits have been given due consideration. (A.I.E.E. Paper 
No. 32-33) 


Equalizing Currents in the 
Armature of a D-C. Machine 


By 
R. M. Baker? 


Wauen THE PARALLEL type winding was first 
used on the armatures of large d-c. machines, it was almost 
impossible to obtain sufficiently good magnetic balance of the 
main field circuits to permit satisfactory operation. In 1896 
the idea was conceived of automatically balancing the flux in the 
main poles by connecting together those points on the armature 
which normally should be of the same potential. These equaliz- 
ing connections have proved themselves capable of taking care of 
considerable unbalance in the same field; in fact their perform- 
ance has been so satisfactory that little study has been given 
to the details of this action. 

An increased knowledge of the behavior of these currents, 
however, has been secured by an analysis which is unique in that 
it is based upon experimentally determined curves of variation 
in equalizing current in an actual machine. The analysis shows 
definitely how these currents act to correct the unbalance causing 
their flow. It was found that even with very small inequalities 
of the main pole gaps the equalizing current in an armature coil 
may reach a peak value as high as 25. per cent of the full load coil 
current, several times each revolution of the armature. It has 
been shown also that the oscillograph is very useful in studying 
the behavior of equalizing connections, and that empirical results 
are obtainable without much difficulty. The securing of similar 
relations by an analytical method would be very complex. 
(A.I.E.E. Paper No. 32-5) 


Caledlenen of No-Load Damper-Winding 
B 


. . Y 
Loss In Synchronous Machines E. |. Pollard?” 


Tar NON-UNIFORM nature of the air-gap due to 
the presence of alternate teeth and slots on the stator of syn- 
chronous machines results in a non-uniform distribution of flux 
density at the surface of the rotor. These pulsations in the air- 
gap induction produce pole-face loss. When a damper winding 
is present the pulsations link the damper bars producing circu- 
lating currents causing an additional loss which is designated by 
the term ‘‘no-load damper winding loss.’”’ The magnitude of 
this loss is found to vary from practically zero to as much as 
eight times the pole-face loss, or to as much as half of the total 
no-load core loss. A method now has been developed for eal- 
culating the no-load damper loss, based on theoretical con- 
siderations. 

This study has indicated several ways by which the damper 
loss may be minimized. Changes in design to reduce pole-face 
loss also generally decrease the magnitude of damper loss, but 
the requirements in fundamental proportions of the machine 
usually require that these changes should not be made. The 
reduction of loss may be secured by keeping the number of bars 
on the machine and the bar resistance low. Perhaps the most 
powerful method of reducing loss is by adjustment of the ratio 
of rotor slot pitch to stator slot pitch. (A.I.E.E. Paper No. 32-34) 
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Sine Wave 


By 
Generators 


L. P. Shildneck® 


Crerraw applications, particularly testing, require 
a sine wave of generator voltage under all load conditions, and 
the round-rotor type of sine wave generator consequently was 
developed. The stator is similar to that of a salient-pole machine 
but for the field a round punched rotor is used with a double 
layer winding distributed in evenly spaced slots. 

A comparison of various types of these windings shows that 
three newly developed connections called the X, U and W types 
are superior to the old V and Y types, in that 15 per cent or more 
increase in output can be secured from the rotor without increas- 
ing the maximum coil temperature rise or impairing the voltage 
wave shape. This change is wrought by eliminating the un- 
desirable features of the old types; namely, too few active coils 
in the V type, and unequal leg heating in the Y type. 

The analysis made in this connection is quite general and 
directly applicable to all round-rotor synchronous machines with 
double layer rotor coil windings as exemplified by sine wave 
generators and also synchronous induction motors. By selection 
of the proper connections any one of the factors desired, wave 
form, efficiency, and heating, can be stressed to any desired 


degree. (A.I.E.E. Paper No. 32-35) 
Engineering Features of By 
A F. H. Brehob’® 
Three-Power Locomotives F. H. Craton’ 


Ax ARTICLE based upon this paper is contained 


in this issue of Exectricat ENGINEERING, p. 9-13. Pamphlet 
copies not available. 
Motors for 3,000-Volt 
: s By 
D-C. Multiple Unit Cars J.C. Aydelott’s 


A NEW MULTIPLE unit car motor incorporating 
many novel features of design was developed for the electrifica- 
tion of the suburban service of the Delaware, Lackawanna & 
Western Railroad, the first installation of multiple unit suburban 
service in this country employing a trolley potential of 3,000-volts 
direct current. The absence of trouble in commencing and 
maintaining service marks the whole electrification program. 

There now are 564 of these motors in service on the Lacka- 
wanna railroad, and between August 1930 and June 1, 1931, 
4,500,000 car miles have been operated with only two train de- 
lays chargeable to motor failure. During the period of initial 
operation the motors have been remarkably free from flashovers, 
insulation failures, and mechanical troubles. This preliminary 
operation indicated also that the maintenance expense will be 
unusually low. The securing of the many desirable features in 
motor design, and the consequent successful operation, may be 
attributed largely to the development of new design features. 
(A.I.E.E. Paper No. 32-36) 
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Temperature Rise of Ventilated 


; By 
Railway Motor Armatures D. A. Lightband? 


Tur CALCULATION of temperature rise and of 
time-temperature curves of a railway motor for which only pre- 
liminary design data are available, usually presents considerable 
difficulty. Modern railway practise demands increasingly large 
power units in a limited space, so that accurate methods are 
necessary for the predetermination of temperature rise. This 
must be used as a basis for guaranteed ratings and time-tempera- 
ture curves in the application of a motor to a complicated service 
eycle. 

Equations derived from the usual theory of heat flow between 
related bodies give a method for calculating the temperature rise 
of the armature in a new design of motor, for any time interval 
and load condition. Consistent results are given when applied 
to motors of widely varying size. By making certain assumptions 
the armature can be reduced to a simple equivalent model con- 
sisting of two conducting bodies separated by an insulating wall, 
and equations resulting from an analysis of this thermal system 
form a practical method of calculating time-temperature curves 
of an armature from preliminary design data. (A.I-E.E. Paper 
No. 32-7) 


Preparing Substations 
By 


for Electric Operation L. B. Curtis? 


ApproxIMATELY forty substations are involved 
in the extensive electrification program recently announced for 
the Pennsylvania Railroad between New York and Washington; 
eleven of these already are in operation. A definite program for 
testing these substations before they are placed in operation has 
been evolved, and this procedure has been combined into a single 
set of test instructions. 

The tests are separated into three groups: (1) preliminary 
tests without d-c. control or a-c. power; (2) tests with d-c. control 
but without a-c. power; and (3) tests with d-c. control and a-e. 
power. These test instructions are unusually complete and 
cover all possible sources of error which might interfere with the 
successful operation of the substation when it is placed in service. 
(A.IL.E.E. Paper No. 32-37) 


The Time Services of 
the U.S. Naval Observatory 


By 
J. F. Hellweg# 


Onn HUNDRED and one years ago the Naval 
Observatory was created. Since then it has had the determina- 
tion and broadcasting of the nation’s time. This is broadcast in 
mean solar time although kept in sidereal time. Measurement 
of time is based upon the earth’s rotation and is very accurately 
observed and ealculated. Observations are made by transit 
instruments with which the successive transits of predetermined 
stars are observed. 

Because of its increasing importance in the nation’s daily life 
great accuracy is demanded of the time service, and means of 


increasing this accuracy constantly are being sought. A new 
29. Pennsylvania Railroad, Philadelphia, Pa. 
31. U.S. Naval Observatory, Washington, D.C. 
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clock vault now is nearing completion. It will contain precision 
timepieces maintained at constant temperature and pressure at 
all times. The new clocks now are under construction and it is 
hoped that with this equipment, and modifications which are 
being planned, it will be possible to extend the time service, 
increase its accuracy, and add to the number of broadcasts per 
day. (A.I.E.E. Paper No. 32-38) 


Time Services 
By 


of the Telegraph Companies G. W. Janson® 


Taree CLASSES of time service are distributed by 
the telegraph companies. The first of these, commonly known as 
‘noon beats’’ comprises the transmission during a three-minute 
period ending at noon eastern standard time of a series of elec- 
trical impulses originating from the naval observatory at Wash- 
ington, D. C. This service is used very largely for correcting 
loeal master clocks throughout the United States once each day. 
The second time service commonly known as “‘jewelers’ beats’’ 
comprises a similar transmission throughout the day of a series 
of coded impulses distributed in each locality by a master clock. 
These beats are used principally by jewelers for regulating 
timepieces. 

The most extensive distribution of correct time by the tele- 
graph companies is the automatic correction of clocks. The 
Western Union Telegraph Company’s synchronizing system cor- 
rects about 120,000 clocks of which 95 per cent are rented to 
subseribers. These clocks operate independently but are reset 
to the correct time each hour by the telegraph synchronizing 
service. (A.I.E.E. Paper No. 32-39) 


Synchronous 
By 


Electric Time Service cf EW/arcenes 


Previous to 1916 no commercial a-c. system was 
regulated with sufficient accuracy of speed to enable its use for 
indicating time. Two devices then were developed making com- 
mercial a-c. time service possible. The first of these was a self- 
starting synchronous motor which utilized residual magnetism to 
enable the rotor to start and run at synchronous speed. The 
second consisted of an indicating instrument which would show to 
a generating station operator, directly in terms of time, deviations 
of average frequency from standard. 

About 1928 several new varieties of synchronous motors suit- 
able for use in clocks were developed. These may be divided into 
two classes, and self-starting and non-self-starting. The latter 
generally has toothed soft steel rotors, while the self-starting 
motors utilize a-c. fields with rotating components brought about 
by the use of shading coils. Both types now have been developed 
to require small power input and to eliminate hum. These 
are now being applied to many timing devices other than clocks. 

The standardization of average frequency is of great value to 
the power companies in many ways other than the furnishing of 
time services. Further increase in the accuracy of control is to be 
expected from the use of automatic frequency control equipment 
which now is being developed. (A.I.E.E. Paper No. 32-40) 
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New Key West-Havana ae 


H. A. Affel!4 
' W. S. Gorton'® 
Carrier Telephone Cable Et ek 


A NEW SUBMARINE eable was laid recently 
between Key West and Havana to furnish increased telephone 
facilities between the United States and Cuba. This is the 
longest deep sea telephone cable in existence and also is unique in 
being the longest telephone cable circuit without intermediate 
repeaters and without inductive loading. The new cable operates 
at frequencies up to about 28,000 cycles per second; it has a single 
central conductor with concentric tape return, and employs the 
newly developed material paragutta for insulation. Due to the 
smaller dielectric constant and to the smaller leakance, the cable 
is much smaller in size than any of the three other cables between 
these countries. 

A earrier telephone system provides three telephone channels 
and as ultimately developed, a still greater number of facilities 
may be made available. A large number of noise sources was 
investigated and the necessary methods for eliminating these 
were installed. 


The Development of a By 
W. C. Jones!® 
Handset for Telephone Stations A. H. Inglis 


A NUMBER of factors contribute to the difficulties 
involved in the design of a telephone handset which gives as good 
service performance as a deskstand. The handset transmitter for 
example not only is used in a wider range of positions but also is 
moved much more frequently, so that wider variations are ex- 
perienced in its characteristics. The more severe use to which 
the handset is subjected requires special design measures to 
prevent an appreciable shortening of useful life. 

Further difficulties are introduced by the close physical con- 
nection of the receiver and transmitter, in that ‘‘howling’’ tends 
to be set up. Also, the distance between the receiver and trans- 
mitter must be such as to be convenient for the user without 
introducing unnecessary losses in voice transmission in air. 

The handset has been developed so that it overcomes all these 
difficulties and ‘is interchangeable with the deskstand in existing 
telephone plant without important reaction on either transmission 
or signaling performance. That the design meets the wishes of 
the public is evidenced by the steady increase in demand to more 
than 1,000,000 sets per year at the present time. 


An Automatic Concentration Unit 


B 
for Printing Telegraph Circuits — G. 5, Vernen* 


Wuen a number of lightly loaded telegraph circuits 
terminates at a central telegraph office, and the number of mes- 
sages over each circuit is insufficient to keep the operator fully 
employed, these circuits usually are grouped together on a 
switchboard or ‘‘concentrator,”’ so that a single operator can send 
and receive messages over any line of the group. 

Printers or ‘‘teletypewriters’”’ of the so-called Catert-atope 
type are being used to a large and increasing extent on such 
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lightly loaded circuits, both by the telegraph companies and by 
private customers. As a result, concentration units are being 
used to an increasing extent for printing telegraph circuits. 

Manually operated telegraph concentrators have been in use 
for many years, but an automatic concentrator now is being 
employed to permit the individual printer operators to set up 
their own connections. Outward calls are established by dialing 
without requiring multiple turrets or switching operators, and 
inward ealls to idle positions can be established automatically 
without the delay involved in manual switching operations. 
Step-by-step automatic switches and calling dials are used, a 
number of special features being included. 


Carrier Application By 
R. E. Smith™ 
to a Telegraph Plant L. A. Kelley 


Tur REQUIREMENTS for earrier systems in tele- 
graph plants differ somewhat from those in telephone plants. 
Primarily these differences are due to the fact that telegraph 
plants are based upon the wide use of d-c. telegraph circuits 
which can be operated fairly successfully on a ground return 
basis. Furthermore, the operating energy levels of the various 
circuits on the same lead are not restricted by the presence of 
other types of communication circuits occupying a frequency 
transmission range other than that required for d-c. telegraph 
signals. Other equally important factors enter into the problem, 
and are outlined in this paper. 

A description also is given of the transmission and equipment 
features of the system recently developed to meet the specific 
needs of the Postal Telegraph-Cable Company. The system is 
now in commercial service in the extensive open-wire plant of 
this company. Performance characteristics showing the capabil- 
ities of the system also are included. 


By 

F. Creedy® 

R. O. Lerch® 
P. W. Seal®® 
E. P. Sordon® 


Forces of Electric Origin 
in the lron Arc 


A NUMBER of phenomena are present in overhead 
are welding, for which no adequate explanation has been possible. 
Among the questions are: (1) what is the force that causes the 
molten drop to travel across the are face from the electrode to 
the work, (2) why is it that the drop is detached with explosive 
violence rather than gradually? In an attempt to determine the 
electric origin of these forces in high current metallic ares, the 
magnified image of an are was projected on a screen by means of a 
lens. In this manner, relations between the electrical forces, are 
currents, and are lengths were studied. 

General conclusions may be drawn from these results indicat- 
ing that the force which detaches the globule from the welding 
rod may depend upon the “‘pinch effect’? due to the magnetic 
field tending to force the outer portions of a conductor toward the 
center. As the cross-section of the area between the globule and 
the electrode becomes smaller, the pressure is increased as the 
square of the current density. The force tends to sever the part 
still attached. This appears to be the cause of the explosive 
violence with which the globule is detached. It appears that as 
soon as the globule is separated it is carried over by the force of 
the reaction resulting from the emission of minute particles at 
high temperature. (A.I.E.E. Paper No. 32-41) 


An Improved 
A-C. Arc Welder 


By 
A. M, Candy? 


Tur COST OF APPARATUS for are welding with the 
a-c. are is less than that for the d-c. are. In spite of this the d-c. 
are has been used much more extensively because: the open 
circuit voltage of the a-c. welder was about double that of the d-c. 
equipment with a consequent increased life hazard; the a-c. are 
was much more difficult to strike and hold; and it also drew a low 
power factor current from the line. 

By imposing a high frequency on the welding circuit all these 
disadvantages of the a-c. are welder have been overcome. The 
voltage developed by the oscillator circuit is sufficiently high to 
start the discharge in the are just before the electrode contacts 
the work; for this reason the are starts easily, sticking of the 
electrode to the work is eliminated, and a lower voltage may be 
used for the basie frequency are. The necessity for a high leak- 
age reactance to throw the voltage and current out of phase so as 
to maintain the current when passing through zero is eliminated. 
Consequently the power factor is considerably improved; in fact 
it is approximately 90 per cent, which is even better than that of 
an induction motor driving a d-c. generator for d-c. welding. 

The quality of the weld made with this improved a-c. welder 
is equal in every respect to that of d-c. welds. Because of the 
low no-load losses, the low investment charges, and low mainte- 
nance costs resulting from the absence of any rotating parts, the 
a-c. welding equipment is very economical to operate especially 
when welding materials of 16 gage or less. (A.I.E.E. Paper 
No. 32-42) 


Recent Developments in Design 
of Arc Welding Generators 


By 
K. L. Hansen 


A DROOPING volt-ampere characteristic is re- 
quired of an are welding generator in order to overcome the 
instability of the are due to its negative resistance characteristic. 
Where there are abrupt changes in the are resistance, as in metal- 
lic are welding, this requirement becomes complex and exacting. 
Other desirable design features are as follows: 


1. Elimination of the external reactor sometimes used to smooth out cur- 
rent fluctuations. 


2. Reflection of current impulses in the main circuit back into the field to 
quicken field flux changes and thereby make the machine more responsive to 
changes in the external resistance. 


3. Elimination of the exciter without resorting to the two-pole armature 
four-pole field structure. 


4, Elimination of all regulating rheostats and switches without interfering 
with the desirable characteristics of the generator. 


In a new completely self-contained are welding generator, the 
first two of the objects enumerated above have been obtained by 
a novel design of the commutating winding, shunt windings, and 
main poles, and by adding a special winding consisting of one 
turn short-circuited upon itself. Suitable excitation is secured 
by two sets of auxiliary brushes spaced from 50 to 60 electrical 
degrees ahead of the main brushes. Adjustment of the brushes 
enables the current to be varied. The resultant machine is very 
fast in response to variations in external resistance, and retains 
over a wide range of operation the characteristics desired in an 
are welding generator. (A.I.E.E. Paper No. 32-43) 
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News 


Of lastitute and Related Activities 


Winter Convention Arrangements Completed 


Fourteen Technical Sessions and Other Features Offered 


Eerenc is in readiness for the 
1932 A.I.E.E. winter convention which 
will be held with headquarters in the 
Engineering Societies Building, 33 West 
39th Street, New York, N. Y., January 
25-29. An excellent schedule of events 
embracing fourteen technical sessions, a 
variety of inspection trips and social 
functions, and a special program for 
women guests has been completed. 


TECHNICAL SESSIONS 


Three of the technical sessions comprise 
important symposiums: (1) distribution 
circuit lightning protection, (2) system 
stability, (3) time and time services. 
Lightning as it is related to transmission 
lines has been treated often, but relatively 
little has been brought forth on the sub- 
ject of distribution cireuit lightning pro- 
tection. Consequently this session should 
fill a gap in this field. System stability 
and its intricate relations when systems 
are interconnected offer a timely topic of 
interest to many groups. Valuable data 
and experience gained in this particular 
field will be brought out through the co- 
operation of manufacturing and operating 
companies. Likewise the symposium on 
time and time services will present valu- 
able and interesting information on this 
modern phase of the art. With eleven 
other specialized sessions the program 
leaves little to be desired from a stand- 
point of technical interest. 

Detailed information concerning this 
convention was published on p. 971-2 of 
ELectricaL ENGINEERING for December, 
1931. Additional information and a few 
minor changes are outlined in the follow- 
ing paragraphs. 

The session on research which formerly 
was scheduled for Tuesday afternoon will 
be held on Wednesday morning in parallel 
with the symposium on stability. The 
first paper formerly listed in the session 
on research “Some Fundamental Theory 
and Experiments on Electrical Precipita- 
tion” by A. W. Simon and L. C. Kron, 
will be presented Thursday morning in 
the electrochemistry-metallurgy session. 
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The U.S.S. Akron “riding at anchor” in the Lakehurst, N. J. “dock”’ 


The selected subjects session will be 
entirely devoted to a symposium on steam 
power station auxiliary drives. 

A paper “Preparing Substations for 
Electric Operation” by L. B. Curtis, 
Pennsylvania Railroad, has been sched- 
uled for presentation in the session on 
transportation. 


Joun Fritz and Epison MrEpDAts 


Two of the most highly prized rewards 
for engineering accomplishments will be 
presented in the Engineering Auditorium 
on the evening of Wednesday, January 27. 

The Edison Medal will be presented 
to Dr. Edwin Wilbur: Rice, Jr., for his 
contributions to the development of elec- 
trical systems and apparatus and his 
encouragement of scientific research in 
industry. 

The John Fritz Medal will be presented 
to Dr. Michael Idvorsky Pupin for his 
accomplishments as a leading scientist, 
engineer, and author, and as inventor of 
the tuning of oscillating circuits and the 
loading of telephone circuits by induc- 
tance coils. 


Details of the award of the John Fritz 
Medal were published in Enrcrricat 
ENGINEERING, Noy. 1931, p. 911. De- 
tails of the award of the Edison Medal are 
published on p. 61 of this issue. 


ENTERTAINMENT FEATURES 


A buffet supper (served by Louis Sherry) 
and smoker with entertainment will be 
held in the headquarters building on 
Tuesday evening, January 26. This 
informal occasion affords a_ splendid 
opportunity to renew old acquaintances 
and to make new ones. ‘Tickets will be 
$3 per person. 

The dinner dance, for many years an 
outstanding social event of the Institute, 
will be held in the Grand Ballroom of the 
Hotel Astor, Thursday evening, January 
28. Tickets will be $6 per person. Reser- 
vations may be made in advance for tables 
seating eight or ten people. 

For women guests a specially planned 
program has been arranged by the ladies’ 
entertainment committee under the chair- 
manship of Mrs. E. B. Meyer. 

On Wednesday, January 27, 6:30 p.m., 
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graduates of Columbia University will 
dine at the Columbia University Club, 
4 West 48rd Street, in an informal get- 
together dinner which will finish in time 
to enable them to attend the regular 
evening session. Price $1.50. For reser- 
vations address A. D. Hinckley, Columbia 
University. i 


REGISTER IN ADVANCE 


Each member should register in advance 
by mail, thus permitting the committee 
in charge to have the badges ready, saving 
time and reducing congestion at the regis- 
tration desk. A card for this purpose was 
included in the mailed announcement. 

Reservations for hotel accommodations 
should be made by writing directly to the 
hotel chosen. Rates for some of the hotels 
were listed in the mailed announcement. 


REVISED SCHEDULE oF EVENTS 
Monday morning and evening have been left 
open for committee meetings. Capital letters 


A, B, etc., denote technical sessions. 


Monday, January 25 


10:00 a.m. Registration 

2:00 p. m. Opening of Convention 
A—Protective Devices 
B—Instruments and Measure- 

ments 


Tuesday, January 26 


10:00 a. m. C—Symposium on Distribution 
Circuit Lightning Protection 

D—General Circuit Theory 
E—Selected Subjects 

Buffet Supper and Smoker 


2:00 p. m. 
6:00 p. m. 


Wednesday, January 27 


10:00 a. m. F—Symposium on System Sta- 
bility 
G—Research 
ho) peer. Inspection Trips 
2:00 p. m. Board of Directors Meeting 
8:30 p. m. Edison Medal and John Fritz 


Medal Presentations 


Thursday, January 28 

10:00 a. m. H—Hlectrical Machinery 
I—Electrochemistry and Electro- 

metallurgy 


2:00 p.m. J—Electrical Machinery 
K—Transportation 
7:30 p. m. Dinner Dance 


Friday, January 29 


10:00 a. m. L—Symposium on Time and Time 
Services 
2:00 p. m. M—Communication 


N—Electric Welding 
INSPECTION TRIPS 


Attention of all of those who will attend 
the convention is called to the fact that 
members of the inspections trips commit- 
tee will be pleased to assist in the making 
of necessary arrangements for the visiting 
of neighboring plants or other points of 
special interest. The committee asks 
that members make known their desires 
as soon as possible after arrival. 


U.S. Naval Air Station and U.S.S. Akron 


The great Navy dirigible U.S.S. Akron, the 
building of which was started November 7, 1929, 
and completed August 8, 1931, when it was 
christened by Mrs. Herbert Hoover before ap- 
proximately 150,000 people, now is stationed at 
the Naval Air Station at Lakehurst, N. J. The 
committee has arranged for an inspection of 
this world famous battleship of the air. Through 
the hospitality of the commanding officer of the 
air station, the hangars will be visited Wednes- 
day afternoon, January 27, when both the Akron 
and the Los Angeles are scheduled to be there. 
Special arrangements are being made with the 
railroad, which will furnish accommodations at a 
very reasonable figure. 


Scenic Trip via George Washington and 
Bear Mountain Bridges 


During the last convention, an inspection 
trip was made to the George Washington Bridge, 
then under construction. This engineering 
monument with its 3,500 ft. suspension span, the 
longest in the world, is now completed and in ser- 
vice forming an important traffic artery between 
New York and New Jersey. Further up the Hud- 
son River at Bear Mountain is another famous 
span which forms an important connecting link 
between the highways on either side of the 
Hudson River. A ride over the highways in 
this vicinity provides a magnificent motor trip. 
De luxe buses will, on Wednesday afternoon, 
January 27, start from the Engineering Societies 
Building, cross the new George Washington 
Bridge, travel north up the Hudson River on 
the top of the Palisades to the Bear Mountain 


200,000-kva. turbine-generator unit recently installed in the Brooklyn 
Edison Company's Hudson Avenue Station 
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Bridge, cross the Bear Mountain Bridge and 
return to the starting point via scenic New 
York State highways. 


New Jersey Industrial Area 


For those who would enjoy a bus trip through 
the industrial area of New Jersey, with brief 
stops at points of specificinte rest, a trip is in 
contemplation and will be described more fully 
in the convention literature. 


Other Points of Interest 


Opportunity will be afforded to those who 
wish to visit the installations of the neighboring 
utilities, railroad electrifications completed or in 
progress, or industrial and other enterprises 
which may command the interest of the members 
and their guests. Inspection privilege to visit 
the following places of interest has been 
accorded: 


1. The Delaware, Lackawanna and Western 
Railroad Electrification 


2. Roseland (N. J.) switching station of the 
Public Service Electric and Gas Company 


3. 160,000-kw. tandem compound units of the 
Brooklyn Edison Company, and the company’s 
research laboratory 

4. East River generating station of New York 
Edison Company 

5. New Highth Avenue Subway substations 

6. Vertical distribution in Empire State 
Building 

7. Electrical Testing Laboratories 

8. Lighting institute of the New York Elec- 
trical Society 

9. New three-power locomotives of New York 
Central Railroad used for switching on West 
Side lines in New York City 


10. Studio of Jenkins Television Corporation, 
where actual television broadcasting of dramatic 
sketches, and their reproduction as received on 
local receiver, may be witnessed 


11. Lawrenceville (A.T.&T.) short wave radio 
station, and also control room at 24 Walker St., 
for ship-to-shore and transatlantic Service 


12. Time service bureaus of New York Tele- 
phone Company, and Western Union Telegraph 
Company 

13. Teletypewriter exchange service of Ameri- 
can Telephone and Telegraph Company. at 
24 Walker St. 

14. New York Museum of Science and Indus- 
try, where may be seen the new permanent 
exhibits relating to power, and electrical science 
and technology 

15. New Lighting of the Statue of Liberty (See 
front cover) 

16. Network protector exhibit and time control 
of street lighting circuits 


Institute Directors 


Hold December Meeting 


The regular meeting of the A.I.E.E. 
board of directors was held at Institute 
headquarters, New York, December 4, 
1931. 

Present were: President—C. E. Skinner, 
East Pittsburgh, Pa. Past-president— 
W. S. Lee, Charlotte, N. C. Vice- 
presidents—H. P. Charlesworth, New 
York, N. Y.; L. B. Chubbuck, Hamilton, 
Ont.; A. W. Copley, San Francisco, Calif.; 
W. B. Kouwenhoven, Baltimore, Md.; 
T. N. Lacy, Detroit, Mich; I. E. 
Moultrop, Boston, Mass.; P. H. Patton, 
Omaha, Neb. Directors—L. W. Chubb, 
East Pittsburgh, Pa.; A. B. Cooper, 
Toronto, Ont.; B. D. Hull, Dallas, Tex.; 
J. Allen Johnson, Buffalo, N. Y.; A. E. 
Knowlton, New York, N. Y.; F. W. Peek, 
Jr., Pittsfield, Mass.; C. E. Stephens, 
New York, N. Y.; R. H. Tapscott, New 
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York, N. Y.; H. R. Woodrow, Brook- 
lyn, N. Y. National Treasurer—W. I. 
Slichter. National Secretary—F. L. Hutch- 
inson, New York, N. Y. 

The minutes of the directors’ meeting 
of October 23, 1931, were approved. 

The following minute was adopted in 
memory of the late Dr. L. T. Robinson: 


In the keen appreciation of the loss sustained 
by the field of electrical engineering and by the 
American Institute of Electrical Engineers 
through the death on November 3, 1931, of 
Dr. Lewis Taylor Robinson, the board of direc- 
tors of the Institute adopts this minute and 
directs that a copy be sent to Dr. Robinson’s 
family: 

“In the passing of Lewis Taylor Robinson, 
there was removed from the profession of elec- 
trical engineering one of the men to whom that 
profession is most deeply indebted; who, as an 
Institute worker, gave generously of his time 
through service as manager and vice-president, 
and member for many years of the standards 
and many other committees; a man whose unsel- 
fish interest and devotion served as a steadying 
and guiding influence, and whose sound judg- 
ment and pleasing personality won for him 
throughout his long years of service the high 
respect of the many with whom he came in 
contact.” 


A report of a meeting of the board of 
axaminers held November 24, 1931, was 
presented and approved. Upon the rec- 
ommendation of the board of examiners 
the following actions were taken upon 
pending applications: 789 Students were 
enrolled; 45 Associates were elected; 7 
applicants were elected to the grade of 
Member, and 15 were transferred to the 
grade of Member. 

Approval by the finance committee of 
monthly bills amounting to $24,129.97 
was ratified. 


A resolution was adopted to the effect i 


that the 1932 annual (business) meeting 
of the Institute will be held on Monday, 
June 20, at Cleveland, Ohio. 

Appointments were made as follows: 
H. H. Barnes, Jr., as a member of the 
Edison Medal committee, 
Dr. L. T. Robinson (deceased); H. S. 
Osborne, successor to Doctor Robinson, 
as a representative of the Institute on the 
standards council of the American Stand- 
ards Association; A. W. Berregford as an 
Institute representative on the board of 
trustees of the United Engineering Trus- 
tees, Inc., for the three-year term begin- 
ning January 1, 1932; and W. S. Barstow 
reappointed to the library board of the 
United Engineering Trustees, Ine., for 
the four-year term beginning January 
1, 1932. : 

A communication from W. S. Barstow 
was presented, in which he advised of his 
intention to present to the Institute, a 
bronze bust of Thomas A. Edison (a 
replica of the marble bust presented last 
April to the Deutsches Museum, Munich, 
Germany) and the following resolution 
was adopted: 


Resouvep, That the board of directors of the 
American Institute of Electrical Engineers 
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succeeding 


hereby expresses to Mr. William S. Barstow, a 
former director and vice-president of this 
Institute and now president of the Edison Pio- 
neers, its high appreciation of his action in pre- 
senting to the Institute a bronze bust of Thomas 
A. Edison, and directs that this bust be placed 
upon exhibition in a prominent place at Institute 
headquarters. 


The following new by-law was adopted, 
defining the scope of the committee men- 
tioned therein: 


The committee on economic status of the engi- 
neer shall consist of five members, and shall 
consider matters relating to the position, func- 
tion, and responsibility of the engineer in the 
development of human welfare, and make 
reports and recommendations thereon to the 
board of directors. The committee shall co- 
operate with similar committees of other engi- 
neering societies, and shall also consider and 
report upon all matters referred to it by the 
board of directors, the president, and the 
national secretary. 


In response to an invitation to be repre- 
sented at the Seventh American Scientific 
Congress to be held in Mexico City, 
February 5-19, 1932, President Skinner 
was appointed as the Institute’s delegate 
to this congress. 

Upon invitation from the Kelvin Medal 
board of award (of England) to nominate 
a candidate for the award of the Kelvin 
Medal in 1932, the president was author- 
ized to appoint a committee to report 
recommendations at the January meeting 
of the A.I.E.E. board. 

The board accepted offers from Past- 
Presidents Ralph D. Mershon and 
William S. Lee each to donate a golf 
trophy (to replace the Mershon Cup 


which in June 1931 passed into the per- 
manent possession of L. F. Deming of 
Philadelphia, and authorized the appoint- 
ment of a committee to work out the 
details in connection with both trophies. 
Consideration was given to a request 
from the Institute of Electrical Engineers 
of Japan for assistance in carrying out two 
projects under the Iwadare Foundation, 
as follows: (1) Sending Japanese electrical 


. engineers to the United States each year 


to study, and (2) inviting each year dis- 
tinguished electrical engineers from the 
United States to deliver several lectures 
inJapan. The appointment of a continu- 
ing committee to carry on this activity 
was authorized. 

Approval was given to a proposal by 
The Engineering Foundation to establish 
a research procedure committee, consist- 
ing of one representative from each of the 
four national societies of civil, mining and 
metallurgical, mechanical, and electrical 
engineers, and two representatives of 
The Engineering Foundation. The pres- 
ident was authorized to appoint the 
Institute’s representative on this commit- 
tee. (President Skinner later designated 
L. W. Chubb, chairman of the Institute’s 
committee on research. ) 

A report was received from G. L. 
Weller, the Institute’s representative at 
the Fourth Pan-American Commercial 
Conference, held in Washington, October 
5-13, 1931. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of ELECTRICAL ENGINEERING. 


A.|.E.E. Nominating Committee 
Announces Official Candidates for 1932 


A COMPLETE official ticket of candi- 
dates for the Institute offices that will be- 
come vacant August 1, 1932, was selected 
by the national nominating committee 
which met at Institute headquarters, New 
York, December 3, 1931. This committee 
consists of fifteen members, one selected 
by the executive committee of each of the 
ten geographical districts, and the remain- 
ing five elected by the board of directors 
from its own membership. 

The following members of the commit- 
tee were present: C. T. Almquist, Nor- 
man, Okla.; F. J. Chesterman, Pittsburgh, 
Pa.; A. B. Cooper, Toronto, Ont.; A. W. 
Copley, San Francisco, Calif.; Bancroft 
Gherardi, New York, N. Y.; B. D. Hull, 
Dallas, Tex.; W. B. Kouwenhoven, 
Baltimore, Md.; T. N. Lacy, Detroit, 
Mich.; P. H. Patton, Omaha, Neb.; C. EH. 
Rogers, Seattle, Wash.; C. E. Stephens, 
New York, N. Y.; R. H. Tapscott, New 
York, N. Y. (alternate for A. M. Mac- 


Cutcheon, of Cleveland, Ohio); R. G. 
Warner, New Haven, Conn.; and F. L. 
Hutchinson, New York, N. Y., secre- 
tary of the committee. Past-President 
Bancroft Gherardi was elected chairman 
of the committee. 

The following is a list of the official can- 
didates as selected by the committee: 


For PRESIDENT 


H. P. Charlesworth, vice-president, Bell 
Telephone Laboratories, New York, N. Y. 


For Vice-PRESIDENTS 


North Eastern District (No. 1): J. Allen 
Johnson, chief electrical engineer, Buffalo, 
Niagara & Eastern Power Corporation, Buffalo, 
Nee 

New York City District (No.3): E. B. Meyer, 
vice-president, United Engineers & Constructors 
Inc., Newark, N. J. 

Great Lakes District (No. 5): K. A. Auty, 
sales engineer, Commonwealth Edison Com- 
pany, Chicago, Il. ; 
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South West District (No. 7): G. A. Mills, 
chief engineer, Central & South West Utilities 
Company; vice-president, Pecos Valley Power 
& Light Company, Dallas, Tex. 


North West District (No. 9): C. R. Higson, 
superintendent of distribution, Utah Power & 
Light Company, Salt Lake City, Utah. 


For Directors 


G. A. Kositzky, chief engineer, The Ohio Bell 
Telephone Company, Cleveland, Ohio. 


A. H. Lovell, assistant dean and professor of 
electrical engineering, University of Michigan, 
Ann Arbor, Mich. 


A. C. Stevens, in charge, educational sales, 
General Electric Company, Schenectady, N. Y. 


For NatIoNaL TREASURER 


W. I. Slichter, professor of electrical engi- 
neering, Columbia University, New York, N. Y. 


The constitution and by-laws of the 
_ Institute provide that the nominations 
made by the national nominating com- 
mittee shall be published in the January 
issue of ELecrricaL ENGINEERING. Pro- 
vision is made for independent nomina- 
tions as indicated in the following excerpts 
from the constitution and by-laws: 


CoNSTITUTION 


Sec. 31, Independent nominations may be 
made by a petition of twenty-five (25) or more 
members sent to the National Secretary when 
and as provided in the By-laws; such petitions 
for the nomination of Vice-Presidents shall be 


signed only by members within the District 
concerned. 


By-Laws 


Sec. 23. Petitions proposing the names of 
candidates as independent nominations for the 
various offices to be filled at the ensuing elec- 
tion, in accordance with Article VI, Section 31 
(Constitution), must be received by the secre- 
tary of the National Nominating Committee not 
later than February 15 of each year, to be placed 
before that committee for the inclusion in the 
ballot of such candidates as are eligible. 


On the ballot prepared by the National 


Nominating Committee in accordance with 
Article VI of the Constitution and sent by the 
National Secretary to all qualified voters during 
the first week in March of each year, the names 
of the candidates shall be grouped alphabetically 
under the name of the office for which each is a 
candidate. 


(Signed) National Nominating Committee 
By F. L. Hurcuinson, 
Secretary 


BrioGRAPHIES OF NOMINEES 


That those not personally acquainted 
with the nominees may know something 
of them and their qualifications for the 
offices for which they have been recom- 
mended, brief biographical sketches of 
each are given herewith. 


H. P. CHARLESWORTH 


Harry Prescorr CHARLESWORTH was born in 
Haverhill, Mass., April 7, 1882. After gradua- 
tion by the Massachusetts Institute of Tech- 
nology in 1905 with the degree of Bachelor of 
Science, Mr. Charlesworth entered the engi- 
neering department of the American Telephone 
and Telegraph Company, then located in 
Boston. His early assignments had to do with 
the development of telephone circuits and 
associated apparatus. Later he was active for 
several years in the development of toll operat- 
ing methods and the general related engineering 
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A Scoreboard Visible Against Sunlight : 


VISITORS 
YDS Fo GO | 53 


Baie ON 


PUAY BY 5 
ND LINE. PEN 3? 


Tuts new electric scoreboard at Harvard’s stadium, Cambridge, Mass., makes 
it possible for spectators to follow the ball, penalties, players, plays, and the score, 


with comparative ease. 


Moreover, the figures that flash across this new board are 


accurate and perfectly in time with the play itself, for the action of the board is con- 
trolled by a push-button station on the 50-yard line. The board, built by the General 
Electric Company, is 30 ft. long and 12 ft. high. The face is dull black and the ball 
and numeral indications are flashed to the spectators by groups of incandescent lamps 
so controlled that their brilliance varies with the amount of natural light over the 
field. Even with bright sunlight the numbers are clearly visible at 300 yd. 


problems involved in extending and improving 
telephone service. 

With the opening of the war he was specially 
assigned to handle problems wherein the Bell 
System could be of assistance to the government 
in the national emergency. In this capacity he 
was, throughout the war, active on communica- 
tion facilities for army camps, naval bases, 
supply depots and particularly for the govern- 
ment departments at Washington, where he 
also assisted the telephone company on general 
equipment and traffic engineering matters. 

Shortly after the close of the war he became 
for a short time equipment and transmission 
engineer of the American Telephone and Tele- 
graph Company; in 1920 was appointed plant 
engineer of that company, in which position he 
was concerned with all phases of the engineering 
of the telephone plant and with relations with 
other wire using companies. In December 1928 
he was elected vice-president of Bell Telephone 
Laboratories, Inc., where he now directs opera- 
tions involving more than 5,000 people engaged 
in development, research and related activities 
pertaining to the communication art. 

Mr. Charlesworth became a Member of the 
Institute in 1922 and a Fellow in 1928, Also, 
he was a manager (1924-1927), chairman of the 
meetings and papers committee (1927-1929), 
and chairman of the New York Section (1929). 
In 1930 he became vice-president (representing 
District No. 3) and member of the board of 
directors. He has served on many Institute 
committees, being at present a member of the 
executive, coordination, Institute policies, 
finance, legislation affecting the engineering pro- 
fession, technical program, and the Edison and 
Lamme Medal committees. He also is a repre- 
sentative of the Institute on the board of 
United Engineering Trustees, Inc.; a member of 
the National Research Council's division of 
engineering and industrial research, vice-chair- 
man of the A.S.A. electrical standards com- 
mittee, and a member of several other scientific 
organizations. 


J. ALLEN JOHNSON 


JosnrH ALLEN JOHNSON was born at North- 
boro, Mass., June 21, 1882, and received his 
early education in the schools of that town. He 
was graduated from the Worcester Polytechnic 
Institute with the degree of Bachelor of Science 
in electrical engineering in 1905. 

From 1905 to 1912, he was employed in 
electrical engineering work by the Ontario Power 
Company of Niagara Falls, being appointed 
electrical engineer of that company in 1912. 
In 1917 this company was purchased by the 
Hydroelectric Power Commission of Ontario, of 
which Mr. Johnson became assistant engineer, 
but still retained his other position. In 1918 he 
was appointed electrical engineer of the Cliff 
Electrical Distributing Company and Hydraulic 
Power Company of Niagara Falls, N. Y. and 
with the consolidation of these companies and 
the old Niagara Falls Power Company to form 
The Niagara Falls Power Company in 1918, he 
became electrical engineer of the enlarged com- 
pany. In 1929 he was appointed chief electrical 
engineer of the Buffalo Niagara & Eastern 
Power Corporation, which position he now holds. 

Mr. Johnson has contributed several im- 
portant technical papers on such subjects as 
excitation and voltage control, reactors in 
hydroelectric stations, fire protection in a-c. 
generators, retardation method of loss deter- 
mination. In 1926 he was awarded the “best 
paper” prize for District No. 1, for his paper 
“The Retardation Method of Loss Determina- 
tion as Applied to the Large Niagara Generators.” 

He joined the Institute as an Associate in 
1907, and was transferred to the grade of Fellow 
in December 1927. He has served as a member 
of the electrochemistry and electrometallurgy, 
electrical machinery, and protective devices 
committees. He became a director of the Insti- 
tute in 1928 and served as chairman of the 
membership committee for the two years 1929- 
31. He was the organizer and first chairman of 
the Niagara Frontier Section and served in that 
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capacity from the date of its organization, 
February 10, 1925 to July 31, 1926. 

He also is a member of the National Electric 
Light Association and the American Association 
for the Advancement of Science. 


E. B. Mnyrr 


Epwarp BarNarD Mayer was born October 
22, 1882, at Newark, New Jersey. He received 
his technical education at the Newark Technical 
School, from which he was graduated in 1901, 
and at Pratt Institute. Brooklyn, New York, 
whence he graduated from the electrical engi- 
neering course in 1903. 

That same year, Mr. Meyer entered the 
employ of Public Service Corporation of New 
Jersey as an engineering assistant and remained 
continuously with that organization and its 
subsidiary companies until 1922, holding suc- 
cessively the positions of field engineer (1906) 
in charge of the underground conduit and cable 
system, assistant engineer (1909) supervising the 
preparation of special estimates and reports and 
of construction operations, and assistant chief 
engineer (1919). With the formation in 1922 of 
the Public Service Production Company he was 
appointed its chief engineer. 

In 1929, Mr. Meyer was made a vice-president 
of Public Service Production Company, and in 
1930, on the occasion of the merging of that 
company with United Engineers & Constructors 
Inc., he was appointed a vice-president of the 
latter corporation in the capacity of executive 
and engineering head of the Newark office. 

Mr. Meyer became an Associate of the Insti- 
tute in 1905, transferring in 1927 to the grade of 
Fellow. Active in Institute service, Mr. Meyer 
now is chairman of the following Institute com- 
mittees: publication, award of Institute prizes, 
constitution and by-laws, Edison Medal, and the 
winter '32 convention; a member of the follow- 
ing committees: coordination of Institute activi- 
ties, power generation, and representative for the 
Institute on the engineering societies mono- 
graphs committee. Within recent years Mr. 
Meyer has been chairman of A.I.E.E. com- 
mittees on meetings and papers (now technical 
program), transmission and distribution, finance, 
and executive committee of the New York 
Section; a member of the headquarters, Sec- 
tions, membership, and several special and sub- 
committees. Also he was the _ Institute’s 
representative on the U.S. national committee 
LE.C. 

Mr. Meyer’s other technical activities have 
included active participation in N.E.L.A. and 
A.S.A. affairs, membership on the board of 
directors of the New York Electrical Society, 
Inc., membership in the Essex (County, N.J.) 
Electrical League, the U.S. Chamber of Com- 
merce, the A.S.M.E., and the A.E.R.A. Dur- 
ing the World War he served on important 
committees of the U.S. Army and Navy. His 
numerous contributions to the technical press 
have dealt chiefly with electric transmission and 
distribution problems and includes his book 
“Underground Transmission and Distribution.” 


K. A. Autry 


Kart Anpre Autry was born in Yorkshire, 
England, of English parents and is now in his 
fifties. His education was pursued in Wheel- 
wright Grammar School, H.M.S. Conway a 
British Naval Training Ship, and in the military 
class of a Paris university. 

Family circumstances having changed, he 
took the engineering course at Victoria Uni- 
versity, Nottingham. He then (1899) entered 
the Brush Electrical Engineering Company 
(England) as an engineering pupil for a three- 
year practical and theoretical engineering course. 

Subsequently Mr. Auty came into charge of 
the Brush company’s Lancashire district office, 
making a specialty of electrifying textile mills 
and old fashioned traction systems, In 1909 he 
became the illuminating and power engineer and 
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headed the sales promotional department of the 
British Columbia Electric Railway Company in 
Vancouver, Canada. During the period of his 
affiliation with that company he was an active 
participant in the organization of the Vancouver 
Section of the Institute, and in the newly formed 
company Section of the N.E.L.A. Also he 
became a member of the Illuminating Engineer- 
ing Society. Late in 1915 he joined the Com- 
monwealth Edison Company of Chicago, Il. 
as power sales engineer in the contract depart- 
ment. During the World War, he also assisted 
the State Council of Defense of Illinois. In 
1917, he won the Insull medal for his paper 
“Advertising our K.W.H.’s.”’ 

Mr. Auty became an Associate of the Insti- 
tute in 1912, and in 1917 was transferred to the 
grade of Member. He has been secretary, 


Vertical 
Transportation 


To CONNECT a bay front business dis- 
trict with a residential district 195 ft. 
above it, La Cerda Tower was placed in 
operation recently in Bahia, a coastal city 
in northern Brazil. The reinforced con- 
crete tower is 240 ft. high and houses two 
large Otis express elevators reputed com- 
parable with those used in the largest 
modern skyscrapers. On the day follow- 
ing its inauguration, more than 24,000 
passengers were carried at 160 reis, a little 
less than two cents, per trip. 


(1924-5), vice-chairman (1925-6), and chairman 
(1926-7) of the Chicago Section, and a member 
of the 1929 and 1930 national nominating 
committees. -As an active member of the 
Western Society of Engineers (Chicago) he 
has served as chairman of its electrical section 
(1926-7), member of its board of management, 
and member of its Washington Award commis- 
sion (1927-9). He is an Associate of the 
Association of Iron and Steel Electrical Engi- 
neers. He assisted in the original foundation of 
the Midwest Power Engineering Conference, 
and for the past four years has served as its 
treasurer. He is an earnest advocate and 
ardent promoter of amateur sports, and is 


serving as president of several amateur athletic 
organizations. 


G. A. Minus 


Grores ArtHur Mitts was born July 5, 
1885, in Buchanan County, Iowa. Pursuit of 
his early education carried him through the 
East Waterloo, Iowa, high school (1903) to the 
Iowa State College at Ames, whence he gradu- 
ated in 1909 with the degree of Bachelor of 
Science in electrical engineering. 

Subsequent to his graduation from college, he 
served an apprenticeship course with the Allis- 
Chalmers Manufacturing Company at its works 
in Cincinnati, Ohio. From that activity he 
went to Philadelphia where he served the 
University of Pennsylvania as instructor in 
electrical engineering (1910-11). 

Leaving his educational pursuits, he became 
in succession: electrical engineer for the Water- 
loo, Cedar Falls and Northern Railway Com- 
pany at Waterloo, Iowa, (1911-17); electrical 
engineer for the Winnipeg Electric Railway 
Company, Winnipeg, Canada (1917-19); general 
superintendent for the Wisconsin division of the 
Northern State Power Company, at Eau Claire, 
Wis. (1919-24); vice-president and general man- 
ager of the Kewanee Public Service Company, 
Kewanee, Ill. (1924-26); chief engineer of the 
Central and South West Utilities Company, 
and vice-president of the Pecos Vailey Power & 
Light Company, both of Dallas, Texas (1926- 
to date). 

Mr. Mills became a Member of the Institute 
in 1918, and was a charter member and first 
chairman of the Dallas Section of the Institute, 
which was formed June 2, 1928. 


C. R. Higson 


CxHaARLES Roy Hreson was born in Salt Lake 
City, Utah, August 29, 1893. After having 
completed his preliminary education in the 
grammar and high schools of Salt Lake City, 
he entered the University of Wisconsin, whence 
he graduated in 1907 with the degree of Bache- 
lor of Science in engineering. In 1912 he was 
awarded the degree of Electrical Engineer. 

During ‘the period 1907-1908 Mr. Higson was 
with the General Electric Company, at Schenec- 
tady, in the test course. In 1909 he returned to 
the University of Wisconsin as instructor in 
electrical engineering, where he remained until 
1912, when he entered the employ of the Utah 
Power and Light Company. He has been with 
that company continuously since then, holding 
the positions of engineering assistant (1913-18) 
assistant engineer (1918-25), and finally taking 
his present position of superintendent of distri- 
bution in 1925. 

Mr. Higson became affiliated with the Insti- 
tute in 1921, and has served as chairman of the 
Utah Section, and as chairman of the Pacific 
Coast convention committee (1926). He has 
taken a prominent part in engineering activities 
in Salt Lake City, and served in 1930 as presi- 
dent of the Engineering Council of Utah. 


G. A. Kosirzky 


Gustav AvoutpH Kositzky was born April 
20, 1879, at Yankton, South Dakota. His 
early education was obtained in the Yankton 
and Niobrara (Neb.) public schools. Subse- 
quently he spent four years at the University of 
Nebraska and then two years at Cornell Uni- 
versity, graduating in 1905 with the degree of 
Mechanical Engineer in electrical engineering. 
He then entered the employ of the New York 
and New Jersey Telephone Company at Brook- 
lyn, N. Y., in construction and engineering work. 
In 1907 he was promoted to construction engi- 
neer and during the following two years engi- 
neered the rebuilding of the outside distributing 
plant in that city. Following this, he was loaned 
(1910) to the Pacific Telephone and Telegraph 
Company in charge of plant engineering work 
covering the larger cities along the Pacific coast. 


ELECTRICAL ENGINEERING 


In 1911 he was transferred to the South Western 
Bell Telephone Company. From that date up 
to 1919 he filled the positions of plant engineer, 
general plant superintendent, and general engi- 
neer. In this latter position he was in charge of 
valuation work in connection with several large 
rate casesin Missouri, Kansas, and Texas. 


In 1919 Mr. Kositzky was appointed chief 
engineer of the Central Union Telephone Com- 
pany operating in Illinois, Indiana, and Ohio 
with headquarters in Chicago. In 1921 he 
became the chief engineer of the Ohio Bell 
Telephone Company with headquarters at 
Cleveland, the position he now occupies. For 
the next several years he directed the engineering 
work in connection with the unification of 
telephone service throughout Ohio which came 
about through the merging of the Bell and inde- 
pendent companies. This presented the largest 
engineering problem in connection with the 
unification of telephone service in telephone 
history. 

Mr. Kositzky became a Member of the Insti- 
tute in 1922 and was transferred to the grade of 
Fellow in 1929. During this period he has been 
active in Institute matters and has served as a 


member of various committees both local and ~ 


national, the latest as chairman of the communi- 
cation committee during the years 1929 and 
1930. At present he is chairman of the Cleve- 
land Section. Also he has served the Cleveland 
Engineering Society as trustee, vice-president, 
and president (1928). He is a past-president of 
the Nebraska Club of Cleveland; is a member 
of the Cleveland Chamber of Commerce and of 
several social and athletic clubs. 


A. H. Lovet 


ALFRED Henry Love tt was born in Hamilton, 
Ontario, Canada, July 13, 1884. His early 
education was obtained in the public schools of 
that city and in the Collegiate Institute at 
Niagara Falls. He received his degree of 
Bachelor of Science in electrical engineering 
from the University of Michigan in 1909 and his 
Master of Science degree from the same institu- 
tion in 1914. He has had a varied experience in 
design and construction of power generation 
projects, having served on the engineering staffs 
of such organizations asthe Ontario Power Com- 
pany (1902-5), the Telluride Power Company 
(1906), the Rochester Railway & Light Com- 
pany (1909-10), and the Gladwin Light & Power 
Company (1912). He has been on appraisal 
work with the Detroit Edison Company, the 
Mexia Power & Light Company, and others and 
on rehabilitation design of the Kansas City 
Railways plant. He was with Muralt & Com- 
pany (1910-11), transmission line contractors 
for the Hydro-Electric Power Commission of 
Ontario. 


During the war Professor Lovell served in the 
United States, England, and France as Colonel 
of Engineers with the 310th Engineers, (Michi- 
gan-Wisconsin) and later commanded the Third 
Engineer Training Regiment at Camp Hum- 
phreys, Va. 

After serving since 1911 as an instructor he 
was appointed (1919) professor of electric power 
engineering at the University of Michigan, and 
in 1929 was appointed assistant dean of the 
College of Engineering, both of which positions 
he now holds. He is a member of Tau Beta Pi, 
Sigma Xiand Phi Kappa Phi. Professor Lovell 
has written for the Michigan Technic and is the 
author of a text ‘‘Generating Stations.” 

Professor Lovell became affiliated with the 
Institute in 1912 as an Associate, transferring to 
the grade of Member in 1913. He has served as 
secretary-treasurer, vice-chairman, and chair- 
man of the Detroit-Ann Arbor Section, and now 
is a member of the Institute’s committees 
on education and power generation. Also he 
is a member of the N.E.L.A. (Great Lakes 
Division) committees on overhead, and under- 
ground systems, and chairman of the committee 
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on electrical engineering of the Society for the 
Promotion of Engineering Education. 


A. C. STEVENS 


ALEXANDER CHILson Stevens was born in 
Riverhead, Long Island, N. Y., October 9, 
1883. After early schooling in Middletown, 
Conn. and White Plains, N. Y., he spent two 
years at Wesleyan University and three at 
Cornell. He graduated from the latter in 1907 
with the degree of Mechanical Engineer in 
electrical engineering. After graduation he 
taught for several years, first at Wesleyan as 
instructor in descriptive geometry and physics, 
and later as instructor in electrical engineering 
at Cornell. 

In 1917 Mr. Stevens joined the staff of the 
transformer engineering department of the 
General Electric Company in Pittsfield, Mass. 
In 1925 his interest in educational matters re- 
sulted in his being placed in charge of the sale of 
apparatus to educational institutions for his 
company, with headquarters in Schenectady, 
New York. 

Mr. Stevens has been actively interested in 
A.I.E.E. matters since joining as an Associate 
in.1918. At Pittsfield he was, for some years 
before moving to Schenectady, a member of the 
executive committee of the local Section; 
successively chairman of several of the important 
standing committees, secretary, and vice-chair- 
man-elect. . 

When the North Eastern District of the Insti- 
tute was organized in 1922, he was chosen by 
Vice-President G. Faccioli to serve as district 
secretary, a position he has held ever since. 
The experience gained in planning the pioneer 
regional meeting at Worcester, Mass., and other 
early district activities was of great help to the 
Institute in formulating a definite policy with 
regard to other districts. In 1930 he accom- 
panied President Harold B. Smith on an 
extended trip to Institute Sections in the Middle 
Eastern, Southern, and South Western Districts, 
going as far south as Mexico City. 

Mr. Stevens is a member of the Society for 
the Promotion of Engineering Education, the 
Cornell Club of New York, Eta Kappa Nu, 
Delta Kappa Epsilon, and several Masonic 
fraternal organizations. 


Engineers Condemn 
Bidding for Services 


The practise of publicly soliciting bids . 


from engineers and the responding to such 
invitations was condemned severely in the 
following resolution adopted some months 
ago by the American Society of Civil 
Engineers: 


‘““‘Wuwpreas, the Council of the American Insti- 
tute of Consulting Engineers has been asked to 
give consideration to the practice, occasionally 
followed by certain public officials and some cor- 
porations, of soliciting from engineers bids for 
rendering engineering services; and 


“Wuereas, the Council is firmly of the opinion 
that, in the award of engagements for engineer- 
ing services, the element of the price paid for 
such services is one of the least of several con- 
siderations which should receive weight in the 
determination of the award. Among those other 
considerations of the relative suitability of the 
several engineers under consideration for engage- 
ment are, their personal integrity and strength 
of character; their executive and administrative 
ability; the character, extent and variety of their 
professional experience; their general standing in 
the profession and before the public, etc., etc., 
and, lastly, the compensation expected; and 


“‘Wupreas, members of the engineering profes- 
sion who respond to public invitations to sub- 
mit bids for rendering engineering services, 
thereby :— 

(a) Promulgate, encourage and dignify the above 
undesirable and objectionable practice; 

(b) Lower their individual and professional repu- 
tation and standing; and 

(c) Tend to bring indignity and discredit on an 
honorable profession, therefore, 


“‘Resotvep, that the Council of the American 
Institute of Consulting Engineers: 

1. Strongly condemns the practice on the part of 
some public officials and corporations of publicly 
soliciting bids from engineers for the rendering of 
engineering professional services; 

2. Expresses its strong disapproval on the part of 
engineers, and particularly on the part of Mem- 
bers of the American Institute of Consulting 
Engineers, of the practise of responding to such 
invitations to submit bids for their professional 
services; 

3. Records its sincere belief that the above prac- 
tices of extending and accepting invitations to 
submit bids for the rendering of engineering 
services are certainly not in keeping with the 
elements of professional character and dignity 
which should—and in large measure do—at, 
present characterize and control the engineering: 
profession, and which form most essential and 
important elements of the foundation on which 
the American Institute of Consulting Engineers 
is established.’’ 


Upon recommendation of the Insti- 
tute’s committee on code of principles of 
professional conduct, the board of direc- 
tors of the Institute on December 4, 1931 
adopted the following resolution: 


Resouvep, that the board of directors of the 
American Institute of Electrical Engineers here- 
by endorses in principle the resolution adopted 
by the American Institute of Consulting Engi- 
neers, June 4, 1930, condemning the practise of 
advertising for bids for engineering services, and 


Reso.vep, further, that the board of directors 
urges members of the A.I.E.E. to oppose this 
practise, and to give their active support to 
suitable methods of emphasizing the importance 
of selecting engineers on the basis of their quali- 
fications for the work under consideration. 


Report Submitted 


on Illumination Congress 


The report of the United States na- 
tional committee of the International 
Commission on Illumination for the year 
ending November 1931 has been sub- 
mitted by the president, E. C. Crittenden 
(A’19-M’22). Representatives of the 
Institute on this permanent committee 
are: A. E. Kennelly (A’88-F’13-Life Mem- 
ber and past-president); C. O. Mailloux 
(A’84-F’12-Life Member and past-presi- 
dent); and C. H. Sharp (A’02-F’12). Fol- 
lowing are excerpts from this report: 

Among the activities of the committee 
the outstanding events of the year have 
of course been the session of the Inter- 
national Commission held at Cambridge, 
England, September 13-19, 1931 and the 
International Illumination Congress which 
preceded the commission sessions. . . . 
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Technical sessions of the congress were 
held in Glasgow, Edinburgh, Buxton (in 
connection with Sheffield) and Birming- 
ham, England. 

It is impracticable to summarize the 
proceedings of the congress and the com- 
mission in any brief statement. In both 
cases many parallel sessions were held; 23 
technical meetings were scheduled for the 
congress; 22 specialized and 3 general 
sessions were listed for the commission, 
and in addition there were numerous com- 
mittee meetings and special conferences. 
: . Reports (of these sessions) were pre- 
sented in October 1931 by Mr. G. H. Stick- 
ney (A’04-F’24) and other delegates at the 
Pittsburgh meeting of the Illuminating 
Engineering Society, and it is hoped that 
a composite report based upon these may 
be published so as to be generally avail- 
able. The full report of proceedings of the 
eongress will be a bulky document; it is 
understood that copies will be supplied 
gratis to those who registered as members, 
and will be available for purchase by 
others. 


At the sessions more than 100 papers by 
individual authors were presented in addi- 
tion to the committee reports prepared 
under the 18 secretariat projects which 
constitute the major activities of the 
commission. . . .Contributions from the 
United States included 9 individual papers 
and 4 secretariat committee reports. 


As to the value of the results of such an 
international gathering, it is difficult to 
form a definite opinion. Undoubtedly the 
sessions with the publicity which accom- 
panied them helped to create in Great 
Britain a general appreciation of the value 
of good lighting and of the artistic values 
of special lighting... .In the more tech- 
nical fields, properties of materials and 
methods of measurement, undoubtedly 
the sessions helped to promote uniformity 
of practise facilitating interchange of data. 
Definite progress was made also toward 
unification of practise in aviation lighting 
and the dimensions of lamp bases and 
sockets, the latter being a project of 
the International Electrotechnical Com- 
mission with the I.C.I. invited to 
collaborate. . 


The next plenary session of the com- 
mission is scheduled for 1934; an invita- 
tion from the German national committee 
to meet in Berlin was accepted... . 
With regard to plans for the 1934 ses- 
sion, the American delegates urged 
that effort be made to concentrate upon 
a limited number of subjects and to 
have those subjects treated in a manner 
adequate and appropriate for an inter- 
national meeting. . 

For the use of those who may wish to 
consult the papers presented before the 
proceedings are issued, complete files 
have been placed in the office of the 
Illuminating Engineering Society in New 
York City. 
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Electricity in Modern Medicine 
Discussed Before New York Electrical Society 


A MOST SUCCESSFUL meeting de- 
voted to electricity in modern medicine 
was held by the New York Electrical So- 
ciety, December 16, 1931, in the En- 
gineering Auditorium, New York, N. Y. 
L.A. Coleman is president of this so- 
ciety and H.E. Dorting (A’13-M’22) 
is secretary. Dr. Howard Kelly, emeritus 
professor of gynecology at The Johns 


Hopkins University, Baltimore, Md., 
presided at the meeting and gave a short 
history of the subject. 


The first speaker was Dr. G. Failla, 
physicist of the Memorial Hospital, New 
York, N. Y., who discussed ‘‘Physical 
Advanees in the Treatment of Cancer by 
X-Rays.’ Doctor Failla described the 
method by which the cancer patient is 
exposed to x-ray radiation continuously 
24 hr. a day for periods up to two weeks. 
The radiation is secured from a 900,000- 
volt Coolidge tube which for clinical work 
is operated at 700,000 volts with a current 
of 5 milliamperes. Under these condi- 
tions the tube can be operated continu- 
ously for several hours without trouble, 
and gives a radiation emission equivalent 
to that of 450 grams of radium costing 
more than $22,000,000. Various other 
X-ray tubes also are being used in the 
experiment. At present it is not possible 
to predict the outcome of this investiga- 
tion. The important biological effects 
produced by these high voltage X-rays 
at any given point in the body are being 
evaluated, however, and it is hoped to 
determine conditions producing the best 
clinical effects. 


ARTIFICIAL FEVER 


The second speaker, Dr. C. F. Tenney 
of the Fifth Avenue Hospital, New York, 
N. Y., discussed the use of short wave 
radiation in raising the internal tempera- 
ture of a patient. The equipment pro- 
ducing this fever consists essentially of a 
short wave radio machine having two 
plates between which the patient is 
placed. The resistance of the body to the 
short wave passing between the plates 
produces a rise in temperature particu- 
larly in the liver, kidney, spleen, heart, 
and muscles, so that without harm to the 
patient, the body temperature can be ele- 
vated from 98.6 to 104 and 105 deg. fahr., 
in from 60 to 80 minutes. The fever pro- 
duced is followed by a sweat without 
initial chill, and is much more comfort- 
able than other methods of producing 
fever. It is hoped that the method will 
be of lasting benefit in the treatment of 
rheumatism and diseases of circulation. 

Doctor Tenney then deseribed a port- 


able equipment used for the production of 
localized heating, such as in the knee, 
ankle, or other small portions of the body, 
without producing a complete fever. The 
heater consists of a vacuum-tube oscilla- 
tor and a full wave rectifier which supplies 
the high voltage for the oscillator. The 
high frequeney oscillator consists of two 
pliotrons operating at a frequency of from 
10,000,000 to 14,000,000 cycles, the out- 
put of 200 watts being concentrated 
between two plates. The rectifier, an 
oil-immersed transformer having a 4,500- 
volt secondary and feeding two half-wave 
hot-cathode mereury-vapor tubes, fur- 
nishes the 2,000-volt d-c. supply for the 
oscillator. A rheostat is connected in the 
primary circuit of the high voltage trans- 
former to provide plate voltage regulation. 

The condenser plates are of thin alu- 
minum, 10 in. in diameter, and are 
covered with hard rubber plates 12 in. 
in diameter to prevent arcing should the 
patient or attendant come in contact with 
them. In the field of undamped waves 
between the plates there is a rapid al- 
ternation with a 2,000-volt drop in po- 
tential. The greatest heating consistent 
with tube output has been obtained from 
the use of a 30-meter wave, oscillating 
10,000,000 times per see. between plates. 


ELECTROSURGERY 


A summary of the history of high fre- 
quency currents in medicine was given by 
Dr. G.E. Ward of The Johns Hopkins 
Hospital, Baltimore, Md. and instructor 
of surgery, University of Maryland. The 
physies of high frequency currents was dis- 
cussed with special attention to the bio- 
physical changes wrought in living tissue 
by the passage of so-called medical 
diathermy and electrosurgical high fre- 
queney currents. Diathermy currents 
are those which raise the temperature of a 
part or the whole of the body within 
physiological limits, while electrosurgical 
currents raise the local temperature well 
above that which is destructive to the 
cells. This destruction with related fac- 
tors makes possible the use of such eurrent 
in the eradication of tumors and other 
diseased tissues. Further attention was 
given by Doctor Ward to electro-cutting 
which has come into vogue in recent years 
for the removal of diseased areas. 


Tur ELECTROCARDIOGRAPH 
The meeting was concluded with a dis- 
cussion of the electrocardiograph by Dr. 


H. Williams, professor of physiology at 
Columbia University, New York, N. Y. 
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Doctor Williams told of the physical 
aspects of the electrocardiograph, and 
discussed the advantages of this equip- 
ment which is an important factor in the 
modern diagnosis of heart disease. The 
equipment makes use of the variation in 
electric current accompanying the con- 
traction of the heart, and an instrument 
has been developed which is sufficiently 
sensitive and quick to follow the small and 
rapid changes in the movement of this 
organ. 


A.S.M.E. 
Holds Annual Meeting 


Economies shared honors with engi- 
neering as a subject of major interest at 
the fifty-second annual meeting of The 
American Society of Mechanical Engi- 
neers, held in New York, N. Y., Novem- 
ber 30 to December 4, 1931. While the 
registration, approximately 2,000, fell 
somewhat behind that of last year, there 
was no falling off of interest and signifi- 
eance nor in the broad extent of the pro- 
gram. Statistics indicate that there were 
scheduled some 25 technical sessions, 72 
committee meetings, with 80 technical 
papers and reports presented, in addition 
to 6 special lectures and numerous other 
activities of a social and professional 
nature. 

Regarding the election of officers for 
1931-32 announcement was made as 
follows: President, C.N. Lauer; vice-presi- 
denis, R.M. Gates, C.M. Allen, F.H. 
Dorner, and W.B. Gregory; managers, A.J. 
Dickie, E.W. O’Brien, and H.R. Westcott; 
delegates to American Engineering Coun- 
cil, C.N. Lauer, Paul Doty (M’12), R.E. 
Flanders, C.E. Ferris, L.P. Alford, J.H. 
Lawrence (M’28), R.C. Marshall, Jr. 
(M’19), A.A. Potter, W.H. Trask, Jr. 
(A’12), and E.C. Hutchinson. 

The sessions included many papers of 
undoubted value to electrical engineers, 
and it is hoped that space in future issues 
of EvecrricaL ENGINEERING will permit 
the inclusion of a major portion of this 
information. 


Fellowship in Glass Founded.—A nnounce- 
ment has been made of the establish- 
ment by the Macbeth-Evans Company 
of a fellowship in illuminating glass- 
ware at the Mellon Institute of Industrial 
Research, Pittsburgh, Pa. It is stated 
that the scientific investigations to be con- 
ducted will be a continuation along 
original lines and entirely independent of 
the technological research being carried on 
in the Macbeth laboratories. Dr. R.R. 
McGregor, a specialist in physical chem- 
istry, has been appointed to the incum- 
bency of this fellowship. 
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Electricity to be 
Prominent in World’s Fair 


Extensive reservations for exhibit space 
in the electrical buildings of the 1933 
World’s Fair to be held in Chicago 
already have been contracted for by lead- 
ing manufacturers of electrical equipment 
and supplies, producers of radios, and 
telephone and telegraph companies which 
provide the nation’s principal ecommuni- 
cation facilities. The electrical group now 
is being erected on Northerly Island which 
adjoins the mainland at the fair site on 
Chicago’s lake front; it is composed of 
three units: the electrical building, the 
communication building, and the radio 
building. (See Exuecrrican ENGINEER- 
ING, V. 50, p. 762, Sept. 1931.) 

Space on the first floor of the electrical 
building will be devoted to demonstra- 
tions of manufacturing processes; the 
second floor has been reserved for displays 
depicting the development of electrical 
engineering and electrical illumination. 
Connecting with the electrical building 
on the north is the communications build- 
ing, all space in which already has been 
contracted for by leading telephone and 
telegraph companies; their exhibits will 
tell stories of the discovery, invention, and 
perfection of modern wire communication. 
At the extreme northern end of the group 


is the radio building. Exhibits already 
planned for this section will demonstrate 
how radio branched off from two-way 
communication and became the marvel- 
ous news and entertainment feature which 
it now is. In this building also it is ex- 
pected to stage a broadcast sponsored by 
the two leading radio chains to demon- 
strate how programs of news, entertain- 
ment, and musie are “‘put on the air.” 

In addition to the many attractive dis- 
plays, stories of the epochal discoveries 
and inventions made in the field of elec- 
tricity during the past hundred years will 
be told by men of vision and genius who 
are worthy successors to those who dis- 
covered and developed electric power. 
Thus in its entirety the electrical show is 
expected to be one of the most popular 
and spectacular features of the whole 
“Century of Progress” exposition. 


Engineering Studies Open to Unemployed. 
Announcement is made by Dean J.W. 
Baker that classes in the engineering 
school of Columbia University have been 
opened to unemployed professional engi- 
neers. President Nicholas Murray Butler 
has sanctioned the measure after the 
proposal had been advanced by the 
professional engineers’ committee on 


Hoover Dam Tunnels Near Completion 


U.S. Bureau of Reclamation Photo 


Berore excavation can be started on the foundation for Hoover Dam, four diversion 
tunnels each 4,000 ft. long must be completed. These tunnels (56 ft. diameter inside 
of rock, 3 ft. concrete lining) will divert the stream flow around the dam site. Down- 
stream portals are shown above. The attack on these tunnels is from both upstream 
and downstream portals and from two additional faces in each tunnel opened by 
adits driven in from the canyon wall at about midpoint. More than 14,000 ft. of 
top heading has been completed, the two inner tunnels being holed through. 
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unemployment. Applicants must secure 
a certificate from the engineers’ com- 
mittee, showing that they are accredited 
members of the profession and are idle 
through no fault of theirown. The num- 


ber admitted will be limited by the size of 
the lecture halls only. By this means it is 
hoped to preserve morale during a period 
of enforced idleness, and to broaden the 
applicant’s knowledge of engineering. 


100,000 Kw. in Space Designed for 6,500 


Tur FIRST steam plant in the western states utilizing a boiler pressure of 1,400 lb. 
is station ‘‘A”’ of the Pacific Gas and Electrie Company. The engine room of this 
plant, located in the center of the San Francisco industrial area, has had an interest- 
ing evolution. As constructed in 1901, it is 425 ft. long and 57 ft. wide; the original 
plant contained six vertical compound steam engines operating under 200-lb. pressure, 
and driving electric generators. By 1910 this equipment had been replaced by ten 
vertical reciprocating oil engines driving 1,500-kw. generators; by 1919, four 12,000- 
kw. turbo-generator units had replaced all but two of these engines, giving a plant 
capacity of 57,000 kw. This latter equipment, illustrated below, remained essentially 
intact until the most recent and perhaps the most striking change was made, when 
the two 50,000-kw. turbo-generator units shown above replaced two of the older 
turbo-generator units and two of the engine driven units. The same floor space 
required for 6,500 kw. in 1902 now contains equipment rated 100,000 kw. The steeple- 
compound units with the high-pressure turbine directly over the low-pressure one 
have not required even an increase in headroom. 
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American Institute 
of Physics Organized 


Formal announcement has been made 
of the organization of the American 
Institute of Physics established by the 
American Physical Society, the Optical 
Society of America, the Acoustical 
Society of America, and the Society of 
Rheology. The new institute will serve 
the four societies mentioned, and through 
them, physies in general in matters of 
common interest, particularly in their 
relation to other societies and to the 
public. The board of management con- 
sists of Karl T. Compton, chairman, and 
G. B. Pegram, secretary. H. A. Barton 
is director, and J. T. Tate, advisor on 
publications. 

The membership of the four societies 
establishing this institute includes a 
majority of the active physicists in the 
country, whether interested in pure or® 
applied physics and whether filling 
university or industrial positions. This 
large group has felt first the need for 
unification of effort, and second for the 
existence of an agency which would 
perfect details of organization and co-' 
operative publication of physics journals; 
also to assist the newspapers to disseminate 
accurate news of important developments 
and applications of physics. The value 
of these aims is obvious and it is also 
obvious that they do not conflict with the 
aims of any already constituted agency. 
It is indeed to be expected that those 
agencies of service to science already 
operating will find their scope and activi- 
ties increased through the work of this 
institute. 


“ELE.” Offers Index 
and Binding Service 


The annual index covering the con- 
tents of ExvecrricaL ENa@InreprRine for 
the twelve issues of the calendar year 
1931 will be available for distribution 
after January 15, 1932. It is to be pub- 
lished in a form convenient for those wish- 
ing to file it for reference or to include it in 
bound volumes of the 1931 monthly issues. 
A notice of this index appeared in the 
advertising section of ELrxcrricaL ENat- 
NEERING for December 1931 and is 
repeated in this issue. An order form 
may be found on p. 992 of the December 
issue. The index will be printed in a 
quantity governed by the number of 
requests received prior to January 15, 
1932. 

The advertising pages for December 
1931 included also the notice that binding 
service for the 1931 copies of ELEcTRICAL 
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ENGINEERING now was available at cost. 
Upon shipment of the copies to the order 
department of the Institute, they will be 
bound neatly and durably, and returned 
prepaid. Full details are given in the 
advertising section of this issue and an 
order form appears on p. 70. 


Consulting Engineers 
Denounce Free Engineering 


The American Institute of Consulting 
Engineers, at the October meeting of its 
council, accepted a report of its committee 
on professional practise and ethics pro- 
testing against the furnishing of engineer- 
ing plans and specifications by manufac- 
turers and distributors of equipment and 
materials. The committee reported: 


“The attention of the council of the American 
Institute of Consulting Engineers periodically 
has been called to the practise, on the part of 
large manufacturers and distributors of equip- 
ment and materials, of making investigations, 
engineering plans, and specifications for archi- 
tects and owners, involving the use of equipment 
and materials which they sell, all apparently 
without charge or for a nominal charge. 

“On at least two specific occasions the atten- 
tion of the officials of several of the largest 


manufacturing concerns has been called to such 
practise without any apparent lasting results. 

“The field of the professional engineer, 
engaged in private practise, constantly is being 
invaded by manufacturing concerns. both large 
and small, through the medium of offering to the 
prospective purchasers of their products of 
manufacture free consulting engineering service. 

“Tt is clearly evident that such offering is 
made for the single purpose of selling their 
particular articles of manufacture, thus restrict- 
ing the purchaser to products which may or 
may not be standard and of the best quality. 
It is equally evident that such practise not only 
is vicious, from the standpoint of the engineer 
engaged in private practise, but deprives the 
purchaser of the judgment of an impartial 
expert whose only interest is the interest of 
his client.” 


The committee therefore offered the 
following resolutions and recommended 
their adoption by the I.C.E.: 


“RESOLVED, that the American Institute of 
Consulting Engineers denounces the practise of 


‘designing and planning of engineering work by 


those who have interests other than the effi- 
ciency and effectiveness of the installation, as 
highly unethical, and 

BE IT FURTHER RESOLVED, that the 
Institute (I.C.E.) use such means as its council 
and/or officers deem best to eliminate such 
unethical purposes.’’ 


Copies of the report and notices of the 
action taken have been sent to the presi- 
dents of several corporations throughout 
the United States. 


Mesere to the Editor 


Progress is the Way 
Out of Depression 


To the Editor: 

Mr. Berresford’s article ‘‘Progress is the Way 
Out of Depression”’ in the December 1931 Exzc- 
TRICAL ENGINEERING is good promotion talk and 
has an excellent sales appeal in tending to make 
each human being think that he accomplishes 
more than the foremost leader. It may be 
exactly the kind of talk we should have at the 
present hour; I have been following his advice 
for the past year. Yet his primary thesis appears 
to be in conflict with many an article that I have 
read in the last ten or twenty years and also 
with my own observation. 

The first part of the fourth paragraph, for 
example, seems to conflict with fundamental 
facts, although it may agree with superficial 
ones. Many of us think that the daily effort 
of the millions, when it is good, comes from the 
effort of the outstanding few and only from that 
source; we think this in spite of the essential 
failure of the church to provide adequate leader- 
ship, because there are successful leaders even 
among those who do not profess to be leaders. 


History indicates that without the thinking and - 


the leadership of a few, man has tended to revert 
rather than to advance, which is largely why we 
are honoring Faraday this year. 

“Do your bit as best you can”’ is good advice 
now and always will be, except for perverts, but 
all men are created equal only before the law. 
Without true leadership man has retrogressed in 
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the past and will presumably continue to do so in 
the future. Hence in reading Mr. Berresford’s 
article it will perhaps be well to keep in mind the 
possibility that, in trying to drive home his 
worthy point, he may have overstepped the 
bounds of fact. The end may at times justify 
the means, unless the means manufactures a 
boomerang. 
Very truly yours, 
H. H. KETCHAM (A'13-M’23 
and Life Member) (Technical 
Editor, Forest Products Lab., 
Madison, Wis.) 


Characteristics of 


Are Welding Generators 


To the Editor: 

I acknowledge receipt of the paper by Mr. 
J. H. Blankenbuehler on ‘‘An Improved Arc 
Welding Generator.’’ An article based upon 
this paper was published in EL.rcrricau ENGI- 
NEERING, August 1931, p. 666-8. The informa- 
tion contained therein is especially interesting 
to me as ten years ago I took a patent—No. 
1,549,874—-on the use of d-c. transformer in 
the welding and excitation self-circuits of any 
single-operator inherently—regulating are weld- 
ing generator. 

The article explained many things to me that 
I did not understand before. However, my 


comments on his paper are that the statements 
regarding porosity being bettered by the welding 
machine and that freezing of the electrode is 
lessened by stopping the inrush of current are 
not agreed with by those people experienced in 
welding and are very misleading to others. 
Freezing of the electrode is a phenomenon that 
is of no concern in welding because a good welder 
never freezes. Freezing or sticking is the ear- 
mark of an inexperienced or beginner welder. 
What is of some importance, however, is heating 
up the cold work as quickly as possible so the 
start of the weld is as well fused as the remainder. 
Welding, at present, is a compromise between 
too cold a start and too hot a finish. Porosity is 
caused by the latter—too hot a finish, and cold 
shots are caused by the former. It is very im- 
portant to have the momentary rush at the 
starting as great as possible. Often a larger size 
sheet is used to effect this purpose. Sometimes 
tapered rods are used to offset this difference 
which obtains either in automatic or manual 
welding because all the heat that is in the arc, 
electrode or work, in the next instant is deposited 
in the work, which becomes hotter and hotter. 
Good welding consists of a compromise between 
how hot you can start without finishing so hot 


‘as to burn the metal, and judicious welding with 


invariably short lengths of electrodes have given 
the best results to date. 

Furthermore, the curbing of the transient; 
that is, holding it below 200 per cent holds down 
the welding persistency. In other words, in 
chasing after this mechanical freezing of the 
electrode, the welding qualities are lessened. 
In other words, if you teach the machine to 
react quickly and then deliberately curb it, 
naturally both the properties of biting quick and 
holding back cannot be present under all con- 
ditions. You might be able to teach a dog to 
bite some people and not bite others but with a 
welding machine, I think it is quite impossible. 
So far, no one has discovered how to describe in 
technical terms this persistency of the are but 
the difference between a machine that is curbed 
at 200 per cent and one that is allowed to react 
naturally with a time recovery of 2/10 cf a 
second or less is the difference between Bobbie 
Jones or me or you. 

Very truly yours, 

C. J. HOLSLAG (M’19) 
(President, Electric Arc Cut- 
ting & Welding Co., 152 Jelliff 
Avenue, Newark, N. J.) 


Has Man Benefited 
by Engineering Progress? 


To the Editor: 

The published introduction to the Engineering 
Foundation’s symposium ‘‘Has Man Benefited 
by Engineering Progress?’ very definitely 
emphasizes the ‘‘deeper effects’’ of engineering 
achievement and its spiritual consequences. 
Mr. Mees’ thought provoking article and letters 
of comment by Messrs. Dreher and Johnson are 
stimulating contributions to the announced 
topic. The apparent straying or lack of def- 
initeness in some of the subsequent articles is 
disappointing. Too much responsibility is 
thrown upon the reader to deduce the author's 
viewpoint on the larger questions at issue. 

Mr. Insull, conceding a disadvantage to 
humanity due to the congestion of industry in 
the past, predicts an improvement in the future 
because of the widespread distribution of power. 
In stating these well known facts about power 
supply and distribution, the author seems to 
imply that on the whole man has not benefited 
in a broad way in the era just opening, for the 
reasons stated. On the other hand, we may do 
the author an injustice. Perhaps he intends to 
imply all has been well and satisfactory as a 
result of engineering developments in the past 
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except the slight congestion of industry, and that 
little matter is well on the road to being cor- 
rected. A more definite commitment on the 
fundamental issues would have been welcome. 

Mr. Grunsky emphasizes two principal points. 
First, a plea for the establishment of museums, 
art galleries, music conservatories, etc., as a 
stimulus for the spiritual uplift of the people. 
Second, a suggestion that these public improve- 
ments should be financed by new high rates of 
taxation, not, however, by the ‘‘prevailing 
unfair’? system, As regards taxation, a great 
number of diverse theories have been proposed 
and many tried and discarded. Although engi- 
neers are (or should be) vitally interested in this 
topic, taxation has no more direct bearing on 
engineering progress and its effects than religion 
has. It is quite true, however, that not only 
taxation but religion and other institutions of our 
complex social order have an important effect 
on human welfare and happiness. 

As regards the establishment of additional 
structures for spiritual uplift and public welfare, 
there are those who believe that not more 
edifices, but a more general acquaintance with 
the interiors of some already built (e. g., places 
for worship) would better serve the purpose. 
However, this is beside the point. The respon- 
sibility of engineering developments is in no 
clear way indicated or even remotely suggested. 
The paper, indeed, is an excellent plea for the 
expansion of the fine arts as a basis for the spiri- 
tual uplift of the people. With this thesis the 
critic takes no exception, but manifestly the 
{mplied conclusion is, increase the number of 
artists, musicians, etc., but not the engineers. 
If the author had this conclusion in mind it 
would have been more satisfactory had he 
directly stated it. If he did not have this or a 
similar idea it is a little difficult to understand 
just how the paper fits into the symposium. 

Tf the sponsors of these articles desire a general 
discussion of the fine arts, of religion, of psy- 
chology, of economics, of politics, etc., as well as 
of engineering progress, all of which have a 
direct bearing on happiness, there can be un- 
limited ramifications with but little coherence. 

Yours very truly, 

L. H. RITTENHOUSE (A’10) 
(Professor of Engineering, 
Haverford College, Haver- 
ford, Pa.) 


Nerve Injuries 
from Electric Shock 


To the Editor: 

The very interesting work done by W. B. 
Kouwenhoven and O. R. Langworthy as re- 
ported in the December 1931 issue of E.rcrri- 
cat Encinenrine takes into account the effects 
of direct-current and low-frequency alternating- 
current. 

The undersigned has observed that theories on 
“electric shock’”’ are gradually shifting from the 
purely physiological viewpoint to a more biologi- 
cal and physical one. It seems to him that the 
primary causes of injury are of either electro- 
lytic or thermic nature, and physiological effects 
are the result of heating or electrochemical de- 
composition of cell contents. A strong support 
for this thought lies in the fact that high-fre- 
quency currents injure the living body only 
through heating. 

Lack of facilities so far prevented the writer 
from proving his theory experimentally. He 
believes that a continuation of the photomicro- 
graphic studies at The Johns Hopkins University 
with currents of higher frequencies will produce 
further interesting and valuable results. 

Very truly yours, 
KURT MAHNKE (A’26) 
(401 Avenue D, Forest Hills, 
Pittsburgh, Pa.) 
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Mercury Arc Rectifiers 
of Sectional Construction 


As the size of mereury are rectifiers is 
increased, difficulties of design to secure 
satisfactory operation also inerease 
greatly. Large units tend to be not only 
less reliable but actually less efficient 
than the smaller ones. To overcome these 
difficulties, there have been developed 
sectional rectifiers of the size which gives 


W estinghouse 
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3,000-kw. rectifier made up of four 
750-kw. sections 


the best performance and so shaped that 
they may be placed together to form com- 
pact assemblies of any rating. 

The 3,000-kw. rectifier unit illustrated 
consists of four interchangeable 750-kw. 
sections integrally mounted, fed from a 
single transformer, and easily withdrawn 
on rollers after the fashion of truck type 
switchgear. For this rating, the use of 
these sectional units results in a rectifier, 
each section of which is not only more 
reliable, but one in which a failure of one 
section does not involve complete shut- 
down of the entire group. Spare units 
may be provided easily. Piping and wir- 
ing are simplified, and both energy losses 
and space required are reduced by about 
one-third. 


American Scientific Congress Postponed. 
Through the Pan American Union, word 
has been received from the Mexican 
Government announcing the postpone- 
ment until November 1933 of the sessions 


of the Seventh American Scientific Con- 


gress, which was to have been held in 
Mexico City February 5-19, 1932. It 
was found that present world conditions 
make it impossible for many nations to 
send special representatives. 


Test Code for 


Transformers now Available 


Pursuant to notice which appeared in 
the October issue of Execrrican Enet- 
NEERING (p. 844) giving publicity to 
effort on the part of the Institute’s 
standards committee to develop test 
codes for electrical machinery and appara- 
tus, this committee now has formulated a 
preliminary report on the proposed ‘‘Test 
Code for Transformers,’’ pamphlet copies 
of which may be obtained without charge 
from A.J.E.H. headquarters, 33 West 
39th Street, New York, N. Y. 


AGnericcn 
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N.J. Engineers Promote 


Public Works for Relief 


A statewide plan of municipal improve- 
ment is sponsored by a New Jersey em- 
ployment committee of the A.E.C. which 
has just been organized with Lynne J. 
Bevan of Montclair as chairman: The 
aid of the 2,800 licensed engineers and 
land surveyors in the state will be enlisted 
in shaping public works programs in 
every community. 

These programs will be adjusted to a 
state plan, the legislature having pro- 
vided that the state, to the limit of allot- 
ments, may meet dollar for dollar the 
money paid by local political units for 
labor or personal services. Tasks rang- 
ing from city planning studies to road 
and street repairs and the remodeling of 
public and semi-public buildings are sug- 
gested; elimination of grade crossings, 
widening and beautifying of streets, plans 
and estimates for future highways and 
parks are other objectives. 

The members of the committee include: 
Governor Morgan F. Larson; Harvey N. 
Davis, president of Stevens Institute of 
Technology, Jersey City; L. P. Alford, 
Montelair, vice-president of The Ronald 
Press (N. Y.); Lincoln Bush, Fast Orange, 
past-president of the American Society of 
Civil Engineers; Dean P. H. Daggett 
(A’08) Rutgers University, New Bruns- 
wick; Charles A. Mead, chief engineer of 
the division of bridges and grade crossings 
of the New Jersey Public Utilities Com- 
mission; EK. B. Meyer (F’27), Newark, 
vice-president, United Engineers and 
Constructors, Ine. 

The committee also will work with the ~ 
professional engineers unemployment re- 
lief committee organized in New York by 
the four Founder engineering societies 
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to aid idle engineers throughout the 
whole New York metropolitan area. A 
New Jersey section of the latter commit- 
tee has been formed with Louis A. Janny 
of the American Institute of Mining and 
Metallurgical Engineers as chairman. 

The engineers, according to Chairman 
Bevan, purpose to stimulate legitimate 
construction work, and to avoid unsound 
projects. ‘‘The immediate objective upon 
which your action is requested,” he said 
in an appeal to the engineers and survey- 
ors, ‘‘is the bringing to light of sufficient 
necessary public project work in your 
vicinity, and the incorporation thereof in 
the official plan of your community which 
must be filed with the state director of 
emergency relief by December 1, 1931.” 


eronal 


Edwin W. Rice, Jr. 
Awarded Edison Medal 


Dr. Edwin Wilbur Rice, Jr., has been 
awarded the A.IJ.E.E. Edison Medal for 
1931 “‘for his contributions to the develop- 
ment of electrical systems and apparatus 
and his encouragement of scientific re- 
search in industry.’”’ The Edison Medal 
was founded by associates and friends of 
Thomas A. Edison, and is awarded an- 
nually for ‘“‘meritorious achievement in 
electrical science, electrical engineering, 
or the electrical arts’? by a committee 
consisting of 24 Institute members. 

Doctor Rice is one of the pioneers 
of electrical development in the United 
States and has played a conspicuous part, 
in association with the late Charles A. 
Coffin, in the building of the present 
General Electric Company. As a school- 
boy in Philadelphia he came in contact in 
1876 with Prof, Elihu Thomson, then a 
young teacher in the Boys’ Central High 
School. When in 1880 the professor gave 
up teaching to go into electrical manufac- 
turing as scientist and inventor, young 
Rice gladly accepted an opportunity to 
become his assistant. He went with 
Thomson to New Britain, Conn., in the 
old American Electric Company, and in 
1883 went with the professor to Lynn, 
Mass., upon the organization of the 
Thomson-Houston EHlectrie Company. 
At the age of 22 he was made plant super- 
intendent and had this full responsibility 
until the consolidation of the Thomson- 
Houston Electrie Company and the Edi- 
son General Electric Company in 1892, 
under the name of General Electric 
Company. 

In the new company Doctor Rice first 
was made technical director, then vice- 


JANUARY 1932 


president in charge of manufacturing and 
engineering. Hventually he became senior 
vice-president and, in 1913, he succeeded 
Mr. Coffin as president of the company. 
In 1922, after nine years’ service in that 
office, he was succeeded by Gerard Swope. 
Doctor Rice at that time was made honor- 
ary chairman of the board, which position 
he still holds. He has contributed much 
through organization methods, improved 
factory routine, technical development, 
and engineering and scientific inventions 
to the prominence attained by the Gen- 
eral Electric Company. His degrees are: 
Honorary A.M., Harvard (1903); Se.D., 
Union University (1906); Doctor of En- 
gineering, Rensselaer Polytechnic (1917); 
Se.D., University of Pennsylvania (1924). 


En We RICE ar: 


He is a past-president and Fellow of the 
Institute, and a Chevalier Legion d’Hon- 
oeur of France. In 1917 he was decorated 
by the emperor of Japan with the Third 
Order of the Rising Sun with Cordon. 
He invented the present fundamental 
form of high-voltage oil switch and the 
cellular system of separating buses and 
circuits; as well as the application of syn- 
chronous converters to the building of 
unified a-c. and d-c. distribution systems. 
He was responsible for the adoption by 
his company of the Curtis steam turbine, 
and for the establishment of the com- 
pany’s research laboratory. He has en- 
dorsed and promoted many modern forms 
of industrial organization and of methods 
of advancing employees’ welfare. 

As a recipient of the Edison Medal, 
Doctor Rice shares the honor with: Elihu 
Thomson, Frank J. Sprague, George 
Westinghouse, William Stanley, ,Charles 
F. Brush, Alexander Graham Bell, Nikola 
Tesla, John J. Carty, Benjamin G. 
Lamme, W. L. R. Emmet, Michael I. 
Pupin, Cummings C. Chesney, Robert A. 
Millikan, John W. Lieb, John White 
Howell, Harris J. Ryan, William D. Cool- 
idge, Frank B. Jewett, Charles F. Scott, 
and Frank Conrad. 


A. B. Campbell (A’19) after thirteen 
years of service with the General Electric 
Company’s Fort Wayne (Ind.) plant, 


where he was intimately connected with 
various developments of demand meters, 
thermal relays, timing devices, and allied 
equipment for the meter and fractional 
horsepower motor departments, is now 
chief engineer for the Seth Thomas Clock 
Company, Thomaston, Conn. While in 
Fort Wayne, Mr. Campbell served the 
A.I.E.E. as both secretary and chairman 
of its Fort Wayne Section. 


BaNncrort GHERARDI (F’12) was re- 
elected president (1932) of the American 
Standards Association at its annual meet- 
ing held in New York City December 9, 
1931. Mr. Gherardi is vice-president and 
chief engineer of the American Telephone 
& Telegraph Company (N. Y.); active in 
Institute affairs, he has served promi- 
nently as president (1927-8) vice-presi- 
dent (1908-10) and manager (1905-8 and 
1914-17). 


G. N. Brown (M’21) who formerly was 
associated with the New York office of the 
Ohio Brass Company, sales department, 
now has joined the commercial staff at 
N.E.L.A. headquarters, as manager of 
its electric refrigeration bureau. Mr. 
Brown’s service with the Ohio Brass 
Company extended over a period of four 
years as district manager, first of the 
Philadelphia office, and then of the New 
York office. 


J. C. Parker (F’12) was relected De- 
cember 9, 1931, at the annual meeting 
of the American Standards Association 
to serve (1932) as vice-chairman of the 
Standards Council. Mr. Parker is vice- 
president in charge of engineering for the 
Brooklyn (N. Y.) Edison Company; he 
has served the Institute in several ea- 
pacities including that of vice-president 
(1921-2). 


J. A. Foutey (A’31) from 1923 to 1930 in 
the engineering design, application, and 
sales departments of the General Electric 
Company in both Cleveland and Toledo, 
Ohio, in the latter location serving also as 
engineering consultant over a period of 
approximately two years, recently became 
an electrical engineer of the Worthington 
Pump and Machinery Corporation in 
Chieago, Illinois. 


P. J. Witson (M’12) formerly sales 
manager of the Narragansett Electric 
Company, Providence, R. I., recently 
resigned to become vice-president and 
treasurer of the New England branch of 
Kaslin & Company, Inc., with main 
offices in Syracuse, N. Y. Mr. Wilson’s 
headquarters, however, will be in Provi- 
dence. 


K. W. Jowansson (M’28) formerly 
serving the Westinghouse Electric and 
Manufacturing Company as an electrical 
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engineer at the Hast Pittsburgh plant, 
now is special representative covering oil 
fields and other industries in Venezuela, 
Columbia and other South American 
countries for the Westinghouse Electric 
International Company. 


R. S. Ernincer, Jr. (A’29) who has 
been serving the General Electric Com- 
pany, Erie, Pa., as cost engineer now has 
joined the company’s force at Pittsfield, 
Mass., in the manufacturing general de- 
partment. Mr. Kininger was student 
secretary of the Drexel Branch during the 
year 1926-27. 


CiypE Treon (A’28) for some time 
past distribution superintendent of the 
Pernambuco Tramways & Power Com- 
pany, Pernambuco, Brazil, South America, 
has returned to the United States and is 
serving now in like capacity with the West 
Penn Power Company, Pittsburgh, Pa. 


FRASER JEFFREY (F’24) electrical engi- 
neer with the Allis-Chalmers Manufac- 
turing Company, West Allis, Wis., re- 
cently was elected vice-president of the 
Engineers’ Society of Milwaukee, of which 
he has been a member since 1907 when he 
started his career in the electrical industry. 


J.C. Van Horn (M’28) has been made 
a vice-president of the R.C.A. Institutes, 
Ine., Philadelphia, Pa., and will have 
charge of resident schools at Philadelphia, 
New York, Chicago, and Boston. Mr. 
Van Horn has been serving the R.C.A. 
Institutes as general superintendent. 


Winturop ALLEN (A’30) has changed 
his work as assistant electrical engineer 
of KE. I. duPont de Nemours Company, 
Wilmington, Del., to associate himself 
with the Prudential fnstirance Company, 
Newark, New Jersey, as electrical engi- 
neer of home office buildings. 


Paut S. Cuapp (A’18) until recently 
managing director of the National Elec- 
tric Light Association, New York, N. Y., 
resigned from that office to become vice- 
president of the Columbia Gas and Elec- 
tric Corporation, with offices at its head- 
quarters in New York City. 


E. G. Warers (A’90) who has com- 
pleted a record of more than 42 years of 
continuous service with the General 
Electric Company, and for the past 25 
years has been secretary of its sales com- 
mittee at Schenectady, N. Y., now at his 
own request has been retired. 


KE. J. Verrier (A’28) recently serving 
as electrical engineer of the Engineering 
Equipment Company, Montreal, Can., 
now has been made power plant superin- 
tendent for the Anglo Newfoundland 
Development Company, Grand Falls, 
Newfoundland. 
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S. R. Barrett (A’28) who in the past 
has been associated with the Hemenway 
Electric Corporation, Springfield, Ver- 
mont, now is station operator for the 
Turners Falls Power and Electric Com- 
pany, Cobble Mountain Station, West- 
field, Mass. 


C. H. Wiuxiis (M’28) who since 1926 
has been assistant professor of electrical 
engineering, Princeton University, Prince- 
ton, N. J., now has become associate 
professor in the electrical engineering 
department of the university. 


B. S. ANDERSON (A’30) manager of the 
Japan branch of the English Electric 
Company, Ltd., at Tokyo, now has been 
transferred to Shanghai, China, where his 
address will be in care of Jardine Engi- 
neering Corporation, Ltd. 


J. T. Sprpuke (A’30) until recently a 
research engineer at the General Electric 
Company’s. laboratory, Schenectady, 
N. Y., has joined the department of phys- 
ics, Massachusetts Institute of 'Tech- 
nology, Cambridge, Mass. 


T. R. Coox (M’16) who has been engi- 
neer of Coverdale and Colpitts, consulting 
engineers, New York City, recently was 
made service manager of the Baldwin 
Locomotive Works’ Paschall station, 
Philadelphia, Pa. 


Emerick Tors (A’29) formerly labora- 
tory assistant, Kolster Radio Corpora- 
tion, Newark, N. J. recently became 
receiver engineer of high frequency cir- 
cuits for Wired Radio, Incorporated, 
Ampere, N. J. 


HErBert SoutHwortsa (A’22) formerly 
merchandise manager for the Fall River 
Electric Lighting Company, Fall River, 
Mass., now is assistant manager of the 
North Adams Gas Light Company, North 
Adams, Mass. 


G. G. Post (A’11) vice-president and 
chief electrical engineer of the Milwaukee 
Electric Railway & Light Company, 
Milwaukee, Wis., recently was elected a 
director of the Engineers’ Society of 
Milwaukee. 


H. A. LurprexKe (A’29) has joined the 
National Broadcasting Company, New 
York, N. Y., as monitoring engineer. His 
previous work was with the Western Elec- 
tric Company, at Kearny, N. J., as design 
engineer. 


M. B. Kareurrz (A’27) who has been 
an engineer at the Westinghouse Electric 
and Manufacturing Company’s main 
plant, East Pittsburgh, Pa., now has been 
transferred to the company’s East Spring- 
field works. 


Joun Eetr (M’26) who has _ been 
manager of service and erection for the 
American Brown Bovari Electric Cor- 
poration, now is with the Allis Chalmers 
Manufacturing Company, Milwaukee, 
Wis. 


M. G. Lorp (A’22) who since 1907 has 
been in the ranks of companies affiliated 
with the Southern Colorado Power Com- 
pany, Pueblo, Colo., now is vice-president 
in charge of operation for that company. 


O. B. Parker (A’29) for the past four 
and a half years assistant chief engineer 
of the Pacent Electric Company, Ine., 
New York, N. Y., has been promoted to 
the position of chief engineer. 


J. W. West (M’28) who has been 
manager of production for the R.C.A- 
Victor Corporation at Camden, N. J. 
now has joined Frozen Confections, Incor- 
porated, Maplewood, N. J. 


H. P. Currin (M’30) electrical engi- 
neer of the Kugene water board, Eugene, 
Ore., now has been appointed electrical 
engineer of the State board of engineering 
examiners of Oregon. 


H. A. Farsi (A’27) serving in the past 
as an electrical engineer, for Allied 
Engineers, Incorporated, Atlanta, Ga., 
now has joined the Georgia Power Com- 
pany in that city. 


Obituary 


HowarpD RANKIN Sargent (A’96- 
M’12 and Member for Life) engineer of 
the merchandise department of the 
General Electric Company, Bridgeport, 
Conn., died suddenly at his home in that 
city, December 8, 1931. The relapse 
followed an operation for appendicitis. 
Mr. Sargent was sixty years of age and a 
native of Newton, Mass. He was gradu- 
ated from Massachusetts Institute of 
Technology in 1893, and promptly there- 
after entered the employ of the old 
Thomson-Houston Company at Lynn, 
Mass. There he remained, with the ex- 
ception of an interval during which he was 
working at Marlboro, Mass., until in 
1894 many of the Lynn engineers were 
transferred to Schenectady. When the 
merchandise department of the company 
was organized in 1922, Mr. Sargent was 
transferred to Bridgeport as manager of 
the wiring supplies engineering division. 
In 1926 he was made engineer of the mer- 
chandise department. In the course of 
his professional career, Mr. Sargent has 
been credited with many important elec- 
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‘rical inventions. He also was active in 
the National Electric Light Association 
und the National Electric Manufacturers 
Association. 


Joseph Water Mires (A’02) for 
many years in charge of foreign engineer- 
ing for the Westinghouse Electric and 
Manufacturing Company, East Pitts- 
burgh, Pa., and recently appointed con- 
sulting engineer to the foreign and 
development information bureau, died 
suddenly November 28, 1931. Mr. Miles 
had been a member of the Westinghouse 
organization for thirty-seven years, and 
lacked only six years’ membership to 
qualify as a Member for Life of the Insti- 
tute. He was still a resident of Irwin, Pa., 
where he was born July 20, 1870. As a 
student of archeology had made several 
investigations of that vicinity and was the 
author of a book “‘The Sewickley Indian,”’ 
describing an ancient tribe of Pennsyl- 
vania. He studied at the University of 
Pennsylvania and Cornell University, and 
from the latter obtained his M.E. degree 
in 1893. For two years he was with the 
Westmoreland Coal Company, following 


which he commenced his long service with 
Westinghouse. 


WiiraM Isaac Donsuea (A’03-M’13) 
retired, died December 21, 1931. Mr. 
Donshea was born in New York City 
August 2, 1858. After completing his 
education, Mr. Donshea’s first position 
was with the New York Telephone 
Company as operator and inspector in 
1879-80, which position he left to become 
electrician and general superintendent, 
installing telephone exchanges in South 
America for the Telephone Company of 
Brazil from 1880 to 1887. During the years 
1882-5 he also assisted in installing an 
Edison exhibition electric plant at the 
National Industrial Exhibition in Rio de 
Janeiro; a Thomson-Houston exhibition 
electric plant in Rio de Janeiro, and an 
Edison-Swan electric light plant in a 
Brazilian industrial mill. Following this 
and up to 1929 Mr. Donshea was an 
operating electrician and a _ district 
operating superintendent with the New 
York Edison Company. In 1929 he 
retired from active service after 50 years 
in the electrical industry. 


Local Meetings 


Potare 


Section Meetings 


Akron 

Jan. 12—X-Ray Inspection oF WELDs, by 
Ancel St. John, pres., St. John X-Ray Service 
Corp. Movies: ‘Story of Steel.’”” Meeting to 
be held in the auditorium of the Ohio Edison Co. 

Feb. 9—At 4:00 p.m. inspection trip through 
the Ohio Edison Company’s East Akron sub- 
station. At 7:45 p.m. movies: ‘‘Through Oil 
Lands.’ At 8:15 p.m. James H. Foote, Allied 
Engineers, Inc., will speak on Loap Suirrine 
TRANSFORMERS AT SAuT Sprines. Meeting to 
be held in the auditorium of the Ohio Edison Co. 


Chicago 

Jan. 7—Conrrou oF NoIsz AND VIBRATION IN 
Srarion Duzsien, by P. E. Stevens, Byllesby 
Engg. and Mgmt. Corp. 

Feb. 10—Mopmrn UNpDrRGROUND OABLE 
Pracrisn, by Herman Halperin, Commonwealth 
Edison Co. 

Cleveland 

Jan. 2i—Somn InstiruTp Prosiems, by Dr. 
©. E. Skinner, pres. A.J.E.E., asst. director of 
engg., Westinghouse Elec. & Mfg. Co. 

Feb. 18—Licurnine—Recent INveEstica- 
TIONS AND Finpines, by K. B. McEachron, 
Genl. Elect. Co., Schenectady, N. Y. 

Dallas 
Jan. 18—Grnerat DnveLopments oF 1931, 
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covered by engineering students of the Southern 
Methodist Univ. Student Branch. 


Detroit-Ann Arbor 


Jan. 19—Ladies’ night. 
Feb. 16—FuNDAMENTAL PuHysIcAL AND Psy- 


“ ¢HoLoGiIcAL ASPECTS OF TELEVISION, by J. O. 


Perrine, Am. Tel. & Tel. Co. Demonstrations. 
Meeting to be held in the auditorium of the 
Michigan Bell Tel. Co. 


Lehigh Valley 

Jan. 15—Primary Nerwork DIstrRiButTioNn 
Systrns, by D. K. Blake, Gen. Elec.Co. Meet- 
ing to be held at Packard Lab. Lehigh Univ., 
Bethlehem, Pa. 

Feb. 12—A1rpPLaNr AND Suip-To-SHoRB Com- 


MUNICATION. Speaker to be announced. Meet- 
ing to be held in Scranton. 
Louisville 


Jan. 22—PracricaL APPLICATION oF LiauHT 
Sensitive Crtis, by J. V. Briesky, Westing- 
house Elec. & Mfg. Co. 

Feb. 19—Licurnrine—Recent Investica- 
TIONS AND Finp1nas, by F. W. Peek, Jr., Genl. 
Elect. Co., Schenectady, N. Y. 

Lynn 

Jan. 6—Ladies’ night. 

Jan. 16—Inspection trip to Loose Wiles Bis- 
cuit Co. 

Jan. 20—Local convention. 
ugal Air Compression. 


Pittsburgh 

Jan. 12—Dinner meeting. Speaker: Dr. C.E. 
Skinner, pres. A.I.E.E., asst. director of engg., 
Westinghouse Elec. & Mfg. Co. Joint meeting 
with student Branches. 

Feb. 9—Nerw DrveLopMENTS IN MERCURY 


Subject: Centrif- 


Arc Recririers. Speaker from the Westing- 
house Elec. & Mfg. Co. 


Pittsfield 

Jan. 19—Prrsonat Turn oF Forniagn Pownr 
Systems, by Philip Sporn. 

Feb. 2—Junetr Gops, by Capt. Carl Von 
Hoffman. * 

Feb. 16—Man-Mape Istanps To SPEED 
Ocwan Fiyrrina, by E. R. Armstrong. 
Seattle 

Jan. 19—Presentation of papers submitted for 
annual prize competition. Titles and speakers 
to be announced. 

Feb. — —Communication meeting. Speaker 
to be provided by the Am. Tel. & Tel. Co. Joint 
meeting with Inst. of Radio Engrs. 


Vancouver 
Jan. 4—Subject and speaker to be announced, 
Feb. 1—Mererrina, by F. J. Bartholomew, 
Elec. Pwr. Equipment Co., and L. B. Stacey. 
Packard Elec. Co. 


p ast 


Section Meetings 


Akron 

Ow Purirication, by R. P. Dunmire, vice- 
pres., The Buckeye Lab., Inc. Dinner meeting. 
Nov.10. Att. 52. 


Atlanta 

Spain anp America, by M. L. Brittain, pres., 
Georgia School of Tech. Oct.12. Att. 80. 

TrecHnicaL ACHIBVEMENTS vs. SoctaL Re- 
SPONSIBILITY, by J. E. Thomas, Commonwealth 
& Southern Corp. Joint meeting with A.S.M.E. 
Nov. 23. Att. 169. 
Baltimore 

Researcu, THpory, AND Practisz, by E. L. 
Manning, Genl. Elec.Co. Demonstrations. Din- 
ner meeting. Nov.20. Att. 57. 
Boston 


ApVENTURES IN Scripncn, by L. A. Hawkins 
and E. L. Manning, Genl. Elec. Co. Demonstra- 


tions. Joint meeting with engineering societies 
as Boston, Nov.12. Att.3,600. 
Chicago 


ADVENTURES IN ScrENcE, by L. A. Hawkins, 
Genl. Elec. Co. Joint meeting with the Western 
Soc. of Engrs. Nov.23. Att. 392. 

Cincinnati 

New Conceptions 1n Puysics, by Dr. R. CO. 
Gowdy, dean of the college of engineering and 
commerce, Univ. of Cincinnati. Illustrated. 
Considerable discussion. Dinner meeting. Oct. 
29. Att. 65. 

Pownr SystEeM Srapiniry, by Robert Treat, 
Genl. Elec. Co. Motion pictures showed short 
circuit tests on the system of the New England 
Pwr.Co. Nov.12. Att. 60. 


Cleveland 

LiceNsInG oF EnainzEErs, by Dr. W. B. Kou- 
wenhoven of The Johns Hopkins Univ., (Balti- 
more) vice-pres. A.I.E.E.; ENGINrpERING IN Rvs- 
sta, by A. G. McKee, pres., Arthur G. McKee & 
Co. November19. Att. 281. 
Connecticut 

Mopern AND Practicat Usns oF ILLUMINA- 
TIon, by A..J. Sweet, Westinghouse Lamp Co. 
Dinner meeting. Nov.19. Att. 50. 
Dallas 

INTERNATIONAL TELEPHONE Service, by H.S. 
Osborne, Am, Tel. & Tel. Co., N.Y Illustrated. 
Noy. 23. Att. 86. 
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Detroit-Ann Arbor 

Power System Srasitiry, by Robert Treat, 
Genl. Elec. Co. Dinner meeting. Nov. 10. -Att. 
125. 

Tur Evecrricat Inpustry or Topay, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst. director of 
engg., Westinghouse Elec. & Mfg. Co. Dec. 1. 
Att. 175. 

Erie 

Errects or Evectric SHock, by Dr. W. B. 
Kouwenhoven, of The Johns Hopkins Univ., 
(Baltimore) vice-pres. A.I.E.E.; Europran 
TRAVELOGUE, by J. J. Burgoyne, New York Cen- 
tral Rr. Co. Annual banquet and ladies’ night 
at which James Burke of Burke Elec. Co., acted 
as toastmaster. Nov.20. Att. 86. 

Fort Wayne 

Tue Hysteresis Motor, byS8.L. Moore, Genl. 
Elec. Co.; A New TrcuHNniQquE IN CaTHopE Ray 
OscrtLoGcRarPxHy, by C. M. Summers, Gen). Elec. 
Co. K. E. Ross, Genl. Elec. Co. demonstrated 
the cathode ray oscillograph. Nov.19. Att, 80. 


Houston 
INTERNATIONAL TELEPHONE COMMUNICATION, 


by H. S. Osborne, Am. Tel. & Tel. Co., N. Y. 
Nov. 27. Att. 68. 


Iowa 


CoorpDINATION BreTWwEEN ELrctric SUPPLY 
Lines anp CoMMUNICATION Lines, by H. H. 
Carl, Northwestern Bell Tel. Co. Demonstra- 
tions. Oct.29. Att. 39. 

Lehigh Valley 

Recent DervVELOPMENTS IN SuRGE-PROOF 
TRANSFORMERS, by H.V.Putman, Westinghouse 
Elec. & Mfg. Co. Illustrated. L. A. Phillips, 
Penn. Pr. & Lt. Co., and O. A. Griesemer, Lehigh 
Portland Cement Co., received prizes for obtain- 
ing the largest numbers of national and local 
members during the pastseason. Oct.16. Att.99. 


Los Angeles 


Tue Merropouiran Aquepuct, by F.E.Wey- 
mouth; EvecrricaL PROBLEMS ON THE AQUE- 
puct, by J. M.Gaylord. Both speakers are con- 
nected with the Metropolitan Water District. 
Dinner meeting. Novyv.10. Att. 205. 


Louisville 

Tue Mercury Arc Recririer 1n Moprern 
D-C. Rattway Servicer, by E.M. Bill, Genl. Elec. 
Co. Also inspection trip to see the 1,000-kw. 600- 
volt automatic rectifier installed at the Highland 
substation of the Louisville Gas & Elec. Co. 


Nov. 20. Att. 145. 
Lynn 

THE Cau oF THE Norra, by A. H. Merritt. 
Illustrated. Nov.4. Att. 1,200. 


Inspection trips made Nov. 7 and 14 to the 
new building and plant of the Boston Herald- 
Traveler. Total att. 250. 


Low Voutacs A-C, Network, by O. L. Riggs, 
Lynn Gas & Elec. Co.; Low Voutaen Merer- 
ina Meruops, by H. F. Crotty, Genl. Elec. Co.; 
ABSTRONOMICAL TrmME SwitcHes, by F. W. Hot- 
tenroth, Genl. Elec. Co. Slides and working 
models used to demonstrate important features. 
Nov.17. Att. 240. 


Memphis 


N.H.Brown, dean of the college of engineering, 
Arkansas A. & M. College, related instances from 
his experiences during the infancy of the electri- 
calindustry. Nov.10. Att. 30. 


Milwaukee 


Mopern Meruops In AERIAL PHOTOGRAPHIC 
Marrine, by C. H. Birdseye, pres., Aerotop- 
ograph Corp. of America. Joint meeting with 


the Engineers’ Soc. of Milwaukee. Sept. 16. 
Att. 200. 
Some Factors Arrrcrina NoIsp IN THE 


TrLepHONE O1rcurits ArIsING IN INDUCTION 
Exposurss, by H. R. Huntley, Am. Tel. & Tel. 
Co., N. Y. Illustrated by lantern slides and a 
complete miniature hook-up of telephone and 
transmission lines. Joint meeting with Engi- 
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neers’ Soc. of Milwaukee. Oct. 21. Att. 200. 

Continuous, QuicK-FREEZE PROCESS FOR 
THE MANUFACTURE OF Icz, by Wm. H. Taylor, 
read by Harry Sloan. Motion pictures and 
slides. Joint meeting with Engineers’ Soc. of 
Milwaukee. Nov.18. Att. 175. 


Minnesota 

Mopern TRENDS IN ILLUMINATION, by O. P. 
Cleaver, Westinghouse Lamp Co. Dinner 
meeting. Nov. 19. Att. 55. 
Niagara-Frontier 

Kerrepinc Up with ButurFrato’s GrowTH— 
THE CHANGING REQUIREMENTS FOR TELEPHONE 
Service IN A Growine City, by B. K. Boyce, 
N.Y. Tel. Co. Informal dinner at Hotel Statler 
preceded the meeting. Nov.20. Att. 115. 


North Carolina 

INCANDESCENT Lamp Erricrency Lire Txsts, 
by D. J. Thurston, student, Univ. of No. 
Carolina; Practicat ReLtay APPLICATIONS TO 
TRANSMISSION Systems, by O. L. Giersch, Duke 
Pwr. Co.; Hicu-Sprep Prorective Retays, by 
A. R. Van C. Warrington, Genl. Elec. Co. 
Dinner preceding meeting addressed by L. 8. 
O’Roark of the Bell Tel. Lab., Inc., N. Y., on 


EXPERIMENTS IN SpPHECH AND Music. Those 
elected to take office Jan. 1, 1932, were an- 
nounced as follows: J. E. Lear, chairman; 


R. L. Stainback, secy.-treas.; E. P. Coles, Ray- 
mond Hunt, J. E. 8S. Thorpe, and J. H. Paget, 
members exec. committee. Nov. 10. Att. 115. 


Oklahoma City 

Tur Arruur S. Hurty Memoria Station, by 
Otis Howard, Oklahoma Gas & Elec. Co. In- 
spection trip through the station followed. 
Oct. 30. Att. 60. 

INTERNATIONAL TELEPHONE SERVICE, by 
H. S. Osborne, Am. Tel. & Tel. Co., N. Y. 
Dinner meeting. Nov. 20. Att. 85. 
Philadelphia 

Arr ConpiTIionineG, by J. F. Gaskill, Phila. 
Elec.Co. Nov.9. Att. 185. 

Pittsburgh 

LIGHTNING PROTECTION OF OVERHEAD TRANS- 

MISSION Systems, by W. W. Lewis, Genl. Elec. 


Co. Joint meeting with the Engineers’ Soc. of 
Western Pa. Nov.10. Att.171. 


Pittsfield 
Evecrrica, Resparcu, by E. L. Manning, 
Genl. Elec. Co. Demonstrations. Dinner 


meeting. Nov.3. Att. 950. 
Fusep Quartz, by P. K. Devers, Genl. Elec. 


Co. Illustrated. Dinner meeting. Nov. 17. 
Att. 250. 
' St. Louis 

INTERNATIONAL TELEPHONE SERVICE, by 


H. S. Osborne, Am. Tel. & Tel. Co., N. Y. 
Nov. 18. Att. 78. 


San Antonio 

INTERNATIONAL TELEPHONE SBPRVICE, by 
H. S. Osborne, Am. Tel. & Tel. Co., N. Y. Lllus- 
trated. Nov. 24. Att. 68. 

Schenectady 

Annual meeting. Oct.8. Att. 90. 

CONSTRUCTION OF THR GEORGE WASHINGTON 
Bripce, by E. W. Stearns, Port of New York 
Authority. Illustrated. Joint meeting with 
A.S.M.E. Oct.29. Att. 250. 

Human ENGINEERING, by Col. ©. R. Gow, 
Warren Brothers Co., and prof. of humanics at 
M.1.T. Joint meeting with the A.S.M.E. Nov. 
19. Att. 260. 


Tuer Avutoacriro, by A. E. Larsen, Autogiro 
Co. of America. Moving pictures. Joint meet- 
ing with the A.S.M.E. Dec.10. Att. 320. 


Seattle 


Tue Sxacir River Powrer DerveLoOPpMENT, 
by J. D. Ross, supt. of lighting, City of Seattle. 
Illustrated. Dinner meeting. Nov.17. Att. 85. 


Spokane 


ADVANTAGES OF THE New Cascapr TUNNEL 
AND Marin Line ELncrriFICATION OF THE 


Great NortTHern Raitway, by Glen Walker, 
Great Northern Co. Film—‘‘Electrified Opera- 
tion of Trains.’’ Nov.27. Att. 52. 


Syracuse 

TRENDS IN IMPROVEMENT OF ELECTRIC 
Servicez, by F. A. Hamilton, Jr., Genl. Elec. Co. 
Slides and moving pictures. Oct. 26. Att. 168. 


Toledo 


Exvrecrrons aT WorK AND AT Puay, by Phillips 
Thomas, Westinghouse Elec. & Mfg. Co. Dem- 
onstrations. Joint meeting with the Affiliated 
Tech. Societies of Toledo. Nov. 12. Att. 1,200. 

System Operation, by F. H. Dubs, Toledo 
Edison Co.; Power TRANSFORMER DESIGN AND 
Tarp Cuanaina Unprer Loap, by L. H. Hill, 
Allis-Chalmers Co. Considerable discussion. 
Nov. 20. Att. 80. 

Toronto 

Recent De5vVELOPMENTS IN O1L CIRCUIT 
Breakers, by G. R. Langley, Canadian Genl. 
Elec. Co. Moving pictures and slides. Nov. 13. 
Att. 124. 

Crrcurr Breakers FOR BRANCH CIRCUITS, 
by O. S. Jennings, Westinghouse Elec. & Mfg 
Co. Demonstrations. Nov. 27. Att. 100. 
Urbana 

CONTRIBUTION OF THE PHYSICAL SCIENCES 
To Human Wetrare, by Prof. C. T. Knipp, 
Univ. Illinois. Demonstrations. Nov. 17. 
Att. 58. 


Washington 

REGISTRATION OF ENGINEERS, by Dr. W. B. 
Kouwenhoven of the Johns Hopkins Univ. (Bal- 
timore) vice-pres. A.I.E.E. Dinner meeting 
Noy. 10. Att. 65. 
Worcester 


Users OF THE THYRATRON TuBE, by R. H. 
Rogers, Genl. Elec. Co. Nov.12. Att. 60. 


Past 
Branch Meetings 


University of Alabama 

Joint meeting A.S.C.E. chapter—motion pic: 
tures and talks by students. Nov. 16. Att. 40. 
University of Arizona 

Exvecrronic Music, by T. S: Henderson, stu- 


dent. Oct.16. Att. 5. 

CaRRIER Waves, by C. A. Ferguson, Am 
Tel. & Tel. Co. Dinner meeting. Oct. 23 
Att. 14. 


Tuomas Atva Epison, by H. P. McGovern 
student. Illustrated. Oct.30. Att. 7. 


Tue Execrron Tuse VOLTMETER AND AM 
METER, AND THE PuHase Suirrinae Briper, by 
P. F. Hawley, student. Nov.6. Att.7. Film— 
“The Single Ridge.’” Nov.13. Att. 6. 


University of Arkansas 

Leap Acip Barrrrins, by H. H. Lewis, stu 
dent; Storage Barrery AppuicaTion, by Erle 
Cato, student; Review or THE ELEcTRICAI 
Worup, by Luther Hildebrand, student; Re 
SISTANCE, by Eugene Ray, student; Tar Lir1 
AND Works oF Epison, by L. Wasson, student 
Nov.11. Att. 38. 


Maenetism, by E. E. Boreland, student 
ILLUMINATION OF AtHLETIC Fieips, by F. L 
McDonald, student; Rrsparcnh Work, Dj 
J. H. Nelson, student. Dec. 2. Att. 42. 
Armour Institu‘e of Technology 


TRANSMISSION OF PicTuRES BY WIRE, Dj 
S. R. Sjoderberg, Am. Tel. & Tel. Co., assistec 


ELECTRICAL ENGINEERIN( 


i 


by E. E. Albin. Illustrated. Nov. 7. Att. 65. 
Two-Sprep Contrnvous AvTromatTic Sys- 
vem, by E. G. Stecher, Chicago and North- 
western RR. Co. Illustrated. Nov. 21. Att. 65. 
Film—‘The Electric Ship."” Dec. 4. Att. 65. 


University of British Columbia 

Tue Tuury System or D-C. DistrRiBuTION, 
by G. G. Henderson, student; Tam ConTROL oF 
Hieso Frequency Oscinuators BY M®aNns OF 
Quartz OCrysrats, by A. C. Tregidga, student. 
Nov. 16. Att. 9. 


Brooklyn Polytechnic Institute 

Tue ProsLEMS CONFRONTED IN THE DESIGN 
oF a CommerctaL SHORT-WAVE RECEIVER FOR 
OprpraTION From A. C. Mains, by L. A. DeRosa, 
student; Tur Turory oF THE INDUCTIONV OLT- 
AGE Rea@uxiatTor, by Frank Anderson, student. 
Dec. 2. Att. 19. . 


Bucknell University 

Prof. G. A. Irland, counselor, discussed the 
aims and activities of the A.I.E.E. and stressed 
the importance of student enrolment. J. A. 
Everitt elected secy.-treas. Nov. 4. Att. 14. 


California Institute of Technology 
J. R. Howell, Sterling Motor Co., described 


the characteristics and construction of sterling 
motors. Nov.18. Att. 36. 
University of California 
ConstrucTioN FraTuRES OF THE HOOVER 
Dam, by W. C. Johnson, Westinghouse Elec. & 
Mfg. Co. Three students presented papers on 
the life of Michael Faraday. Nov. 10. Att. 31. 
Snort Cuts 1n CompLtex Numbers, by W. J. 
McLeod,. student. Films—‘‘Big Deeds’ and 
“Power Transformers.’ Nov. 24. Att. 42. 
Election of officers: J. J. Cassidy, chairman; 
H. C. Kruger, vice-chairman; 8. L. Bettis, secy.; 
C. P. Van Camp, treas. Dec.2. Att.9. 


Carnegie Institute of Technology 

SwITCHBOARDS AND THE WORK OF THE 
SwitcHBoARD ENaInrempR, by A. J. Peterson, 
Westinghouse Elec. & Mfg. Co. Nov. 13. 
Att. 36. 


Case School of Applied Science 
RESUSCITATION FROM Execrric SHock, by 
G.E. Smith, Ohio Bell Tel. Co. Dinner meeting. 
Dec. 3. Att. 29. 
Catholic University of America 
H. G. Dorsey, U.S. Coast & Geodetic Survey, 
showed slides illustrating wiring diagrams of the 
“fathom meter,’ used to find the depth of water 
at desired points. Nov.12. Att. 39. 


University of Cincinnati 

Tue AppLIcATION OF Fuses To ELEcTRICAL 
Disrripution Systems, by Frank Sanford, 
Union Gas & Elec. Co. Nov.11. Att. 65. 


Clemson Agricultural College 

PRactTIses THAT IMPROVE THE OPERATION OF 
Evecrricat EquipMENnT, by C. P. Walker, stu- 
dent. Illustrated lecture on the Genl. Elec. Co. 
by V. L. Bethea, student. Nov.5. Att. 40. 

Prof. C. M. Asbill gave a talk on radio. Cur- 
rent events presented by J. L. O. Foster, student 
Nov.19. Att.35. 


Colorado State Agricultural College 

Post GrapuaTeE Work AND ADVANCED 
Decress, by Prof. H. G. Jordan. Dale Pinker- 
ton elected secy. Nov.9. Att. 24. 


University of Colorado 
Film—‘‘The Story of Nitrocellulose.”’ 
18. Att.61. 


Cornell University 

The aims and activities of the A.I.E.E. were 
outlined by Prof. P. M. Lincoln and Prof. R. F. 
Chamberlain. Nov.6. Att. 33. 


Nov. 


University of Denver 

Inspection trip to the Valmont plant of the 
Pub. Serv. Co. of Colo. Noy. 7. Att. 13. 

Tue Errect or Puysicat Stressps oN Mac- 
netic Marerrats, by Martin Eisendorfer. 


Dec. 1. Att. 14. 


JANUARY 1932 


University of Detroit 

Ser CueckEerRs AND Rapio MAINTENANCE, by 
J. ©. Hoover, Hoover Lab., Inc. Film— 
‘‘Wizardy of Wireless.’’ Nov. 12. Att. 60. 


Drexel Institute 

ProspieMs OF MopeERrn Paystcs, by Dr. T. H. 
Johnson, asst. director, Bartol Research Lab. 
of Swarthmore College. Nov.19. Att. 36. 


Duke University 

Debate, in which four students participated: 
Resotvep: TxHat Hyrpro Power 1s More 
EconoMIcaL FOR THE GENERATION OF ELECTRIC 
PowWER THAN STEAM Power. Nov. 19. Att. 20. 


University of Florida 

Power DistrispuTIonN FOR Rapip TRANSIT 
Lines AND Dynamic Brak1na, by F. B. Gaines, 
student. Film—‘‘Making of Mazda Lamps.” 
Nov. 18. Att. 45. 

D5VELOPMENT OF THE COLLEGE OF ENaI- 
NEERING AT THE UNIVERSITY OF FLORIDA, by 
Howard Rybolt, student. Dec. 3. Att. 100. 


Georgia School of Technology 

Three films: ‘Thomas A. Edison,” ‘Liquid 
Air,’’ and ‘‘How the General Electric Icing Unit 
Works.’’ Nov. 10. Att. 55. 


Harvard University 


Some Rocks Aupgap, by Prof. Philip Cabot. 
Nov.19. Att.77. 


University of Illinois 
Film—‘‘ Dynamic America.”’ Noy.11. Att.40. 


University of Iowa 

Motuti-Mv anp Pentope Tusss, by Wendell 
Seward, student; InpuctTion Furnace, by Jack 
Sayer, student; Lire anp Works oF THOMAS 
Epison, by Leonard Sahs, student. Oct. 28. 
Att. 41. 

Some AcoustTicaL PROBLEMS OF ELECTRICAL 
ENGINEERING, by Harold Petersen, student; 
Mopern Street Licutine Practisp, by R. K. 
Meyer, student. Nov.4. Att.39. 

Film—''The Single Ridge.’ Nov. 18. 


Kansas State College 

Talk by Arthur Groesbeck of the United Pwr. 
& Lt. Corp. Moving pictures. Noy.5. Att. 54. 
Afternoon meeting. Program repeated same 
evening. Att. 33. 

Tur ENGINEER'S WORK IN A PowER Com- 
PANY, by Ivan Buys, United Pwr. & Lt. Corp. 
Dec. 3. Att.54. Afternoon meeting. Program 
repeated same evening. Att. 36. 


Att. 42. 


University of Kansas 

Several 1-min. talks by students and faculty 
members. Nov.19. Att. 20. 
University of Kentucky 


CaLIFORNIA PowrR DEVELOP- 
Nov. 18. Att. 41. 


SouTrHERN 
MENT, by Prof. E. A. Bureau. 


Lafayette College 

Tur Butts Bripez Hyproniectric PowER 
DeEvELoPMENT, by Richard Brunn, student. II- 
lustrated. November 20. Att. 14. 


Lehigh University 

Tsomas Atva Eprison, by Sidney Land, stu- 
dent. Illustrated; Four Monrus 1n Evrope, 
by Dean Joseph W. Barker, Columbia Univ. 
Noy.19. Att. 85. 


Lewis Institute 

Tur Routine OF A TELEPHONE Cau, by 
L. P. Evans, student; Tam Hanpuina or a TELE- 
cram, by M. H. Dressler, student. Nov. 16. 
Att. 50. 
University of Louisville 

Sounp Equipment, by C. C. Baines, Samson 
Elec. Co, Demonstrations of sound apparatus. 
Nov. 13. Att. 26. 


University of Maine 

R. E. Young, chairman, outlined the activi- 
ties at the district meeting held in Rochester in 
April, 1931. Prof. W. E. Barrows outlined his 
experiences at the silver jubilee of the Mluminat- 
ing Engg. Soc. held at Pittsburgh. Oct. 22. 
Att. 24. 


Tuomas Epison's Lire aNnD Work, by Ray- 
mond Hunter, student; Farapay’s Lirp aNnp 
Works, by Henry Howes, student. Nov. 12. 
Att. 16. 

Massachusetts Institute of Technology 

Inspection trip through the plant and labora- 
tories of the Simplex Wire & Cable Co. Nov. 4. 
Att. 30. 

Tur GENERATION AND DISTRIBUTION OF 
Evecrric Pownr, by E. S. Mansfield, Edison 
Elec. Illum. Co. of Boston. Film—''More 
Power to You.’’ Nov.19. Att. 225. 

Inspection trip to the Edgar station of the 
Edison Elec. Illum. Co. of Boston at South 
Weymouth. Novy.23. Att, 25. 

Michigan College of Mining and Tech- 
nology 

W. D. Stewart, student, gave an illustrated 
lecture on turbo-generators. EquipMENT AND 
OpEeRATION OF Rapvio Sration WHDF art 
Catumet, Micu., by K. M. Smith, student. 
Nov.19. Att.31. 


Michigan State College 

EXPERIENCES IN Russia, by Mr. McElroy. 
Joint meeting with A.S.C.E. and A.S.M.E. 
Branches. Nov.12. Att. 23. 

A Day IN THE WhrATHER BurEAU, by Prof. 
Seelye, U.S. Weather Bur. at East Lansing. 
Dec. 8. Att. 24. 


University of Michigan 

Tue PLacEMENT, TRAINING, AND EVENTUAL 
WorxK oF THE ENGINEERING GRADUATE, by 
W. A. Furst, Westinghouse Elec. & Mfg. Co. 
Nov. 24. Att. 102. 


Missouri School of Mines and Metallurgy 
L. K. Johnson, student, outlined his experi- 
ences while employed by the Genl. Elec. Co. 
Nov. 4. Att. 16. 
Demonstrations. Nov. 18. Att. 15. 


Montana State College 

GENERAL Evrectric TRAINING, by George 
Lamb; Rapio TRANSMITTER FiLuTER CiRcUITS, 
by H. L. Casey; Nature's Frnax—Baut Lieur- 
nina, by P. B. McAdam, student; Tae Way To 
PROSPERITY AND Proeress, by C. E. Grunsky, 
taken from the Oct. 1931 issue of ELpcrRicaL 
ENGINEERING, presented by Wm. H. Scheele, 
student. Nov.5. Att. 103. 

Montana Section as guests of the Branch 
witnessed displays and demonstrations pre- 
sented by students. Refreshments. Nov. 19. 
Att. 462. 


University of Nebraska 

Inspection trip through the offices of Dr. R. L. 
Smith; X-ray equipment displayed arid uses 
demonstrated. Nov.4. Att. 50. 


Newark College of Engineering 

DEVELOPMENT OF TELEVISION, by G. R. 
Ottinger, N. J. Bell Tel. Co. Illustrated. Novy. 
23. Att. 46. 

University of New Hampshire 

Micuarn Farapay’s Rise To Fame, by H. L. 
Wood, student; ComBaTinc MAGNETISM IN 
Warcues, by B. Booth, student; Tam PuysicaL 
ANALYSIS OF WATER COMING FROM A PAPER 
Mitt, by L. A. Barker, student; Tuz ApvANcE- 
MENT OF THE TuRBO-GENERATOR, by J. L. Cur- 
rier, student. Oct.3. Att.32. 

Tur DpvELoPMENT OF THE MicroPHONE, by 
O. F. Cushman, student; Evecrriciry 1n Aari- 
CULTURE IN SwEDEN, by H. T. Dickson, student; 
Ano®fupr Cure FOR THE Business DEPRESSION, 
by A. E. Dogan, student. Oct.17. Att. 25. 

G. L. Freese, student, described the new bridge 
to be constructed between Newington and Dur- 
ham; Funcrrons aNnD Benerits oF THE A.I.E.E., 
by P. A. Rolfe, student. Oct.24. Att. 29. 

ILLUMINATION OF THE Homg, by C. M. Glid- 
den, New Hampshire Gas & Elec. Co. Illus- 
trated. Nov.7. Att. 33. 

Somm OF THE PROBLEMS IN THE DISTRIBUTION 
DEPARTMENT aT Camspripan, Mass., by James 
Allen, New England Gas & Elec. Co. Nov. 18. 
Att. 45. 


University of New Mexico 
M. A. True, chairman, outlined the aims and 
activities of the A.I.E.E. Nov. 6. Att. 33. 
History AND THEORY OF ELEcTRICAL PRECI- 
PITATION OF Souips FROM Gases, by S. O. Fish, 


student. Nov.17. Att. 18. 
New York University 

Reuars, by G. M. Heckel, student; Arc 
We tpina, by L. Lindorf, student. Oct. 27. 


Att. 14. 


University of North Carolina 

CaLcuLATION OF THREE-PHASE SHORT-CrIR- 
cuit Currents, by O. L. Giersch, Duke Pwr. 
Co. Nov.12. Att.35. 


University of North Dakota 

Micuaret Farapay, by E. Besken, student; 
JosrrpH Hrnry, by Geo. Anderson, student. 
Nov. 11. Att. 10. 

University of Notre Dame 

Tuer Use oF TRANSFORMERS IN TRLEPHONY, 
by Henry Cluver, student; THs MaNnuracruRE 
oF Sounp Equipment, by H. H. Shotwell, Ope- 
radio Mfg. Co. John Scanlon, student, pre- 
sented the bi-monthly engg. digest. Nov. 16. 
Att. 75. 

Neon Sirens as Usep 1N ADVERTISING, by 
E. W. Kenefake, student; Commprcrau [LLUMI- 
NATION, by O. P. Cleaver, Westinghouse Elec. 
& Mfg. Co. John Scanlon, student, presented 
the engg. digest. Nov.30. Att. 65. 

Ohio State University 

Several students gave talks in commemora- 
tion of Michael Faraday. Dinner meeting. 
Nov.5. Att. 18. 

Some InstiTuTE PROBLEMS AND THE ELEC- 
TRICAL INDusTRY, by Dr. C. E. Skinner, pres. 
A.J.E.E., and asst. director of engg., Westing- 
house Elec. & Mfg. Co. Dinner meeting. Nov. 
20. Att. 50. 


Ohio University 


Maxine Evectrrican TRANSCRIPTIONS, by 
Prof. D.B. Green. Nov.1l. Att. 44. 

Prof. W. H. Cooper gave a talk in which he 
compared the engg. students with students of 
other professions. Dinner meeting. Dec. 9. 
Att. 46. 


Oklahoma A. & M. College 


Tuomas A. Epison, by E. E. Moore, student. 
Nov.9. Att. 24, 


Pennsylvania State College 

Four students outlined their experiences dur- 
ing summeremployment. Oct.28. Att. 23. 

Way Auto Axies Break, by Dr. E. C. Wood- 
ruff. Nov.18. Att. 90. 

University of Pittsburgh 

R. E. Bishop, student, outlined his experiences 
while doing cooperative work with the Ohio Pwr. 
Co. Oct.29. Att. 121. 

Lire anp Work oF THOMAS Eprson, by T. 
Namlick, student; Report on ACADEMY OF ARTS 
AND Screncgs, by J. V. Heisch, student. Novy. 
5. Att. 121. 

Coprpr.Oxipn Recririgrs, by H. L. Lammy, 


student. Nov.12. Att. 122. 
Secret Service System, by G. S. Onori, 
student. Nov.19. Att. 120. 


Pratt Institute 


Historica DEVELOPMENT OF MopeErRN Pays- 
1caL TuHeEoRtiESs, by J. E. Thompson. Nov. 5. 
Att. 74. e 

MANUFACTURE AND TESTING OF WARD- 
LEonarD V1TROHM Resistors, by H.F.McCord, 
student. Nov.19. Att.31. 

Sounp RepropucTIon In TALKING PicTuUREs, 
by O. W. Hancock, student. Dec. 3. Att, 20. 
Princeton University 

THYRATRON CommutTaTtor Moror, by Prof. 
C.H. Willis. Nov. 23. Att. 12. 

CoMMUNICATION PROBLEMS OF Power UTILI- 
tips, by L. K. Wyatt, student; PeEnNsyLVANIA 
ELECTRIFICATION, by L. Thomas, student; 
LicgHTNING ArreEsTERS, by M. Kine, student. 
Dec.9. Att. 6. 
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Rensselaer Polytechnic Institute 

Somp PicrurEsQueE Spots In THE DEVELOP- 
MENT OF THE INCANDESCENT Lamp, by Samuel 
Ferguson, Hartford Elect. Lt. Co. Nov. 17. 
Att. 120. 


Rhode Island State College 

Exectric Wetpine, by L. CO. Breault and 
B. Porter, students. Oct.15. Att. 21. 

Laagcine oF WatTTrHouR Meters, 
Mobrey. Nov.5. Att. 34. 

Lire oF THomas A. Epison, by L. M. Lang, 
student. Illustrated. Nov.12. Att. 17. 

Arrport Lieutine, by Geo. Freeman, stu- 
dent; Rapvro ComMMUNICATION ON TRAINS, bY 
Edward Long, student. Nov.19. Att. 15. 


The Rice Institute 
Film—‘‘Power.’’ Nov.18. Att. 21. 
General discussion. Dec.3. Att. 13. 
Rose Polytechnic Institute 
Lirez oF Farapay, by Wm. Hineline, student. 


Nov. 25. Att. 36. 
Film—‘‘The Magic Circle.” 


by Mr. 


Dec. 7. Att. 101. 


University of Santa Clara 

Film—‘‘Modern Methods of Riveting.” 
Joint meeting with A.S.M.E. Branch. Nov. 12. 
Att. 104. 

Report of San Francisco A.S.M.E. and 
A.S.C.E. Section meetings given respectively by 
Gale Sullivan and A. Porter, students. Joint 
meeting with A.S.M.E. and A.S.C.E. Branches. 
Nov. 19. Att. 95. 


University of South Carolina 
Film—‘‘Thomas A. Edison,’’ Noy. 5. Att. 42. 
Business meeting. Nov. 12. Att. 11. 

Santer River Hyproriectrric Proszctr, by 
L. E. Rankin, student; ApPpLicaTION OF 
Fourrer’s Series To DistortTEp CURRENT 
Waves, by W. S. Smith, student; Hypro- 
ELECTRIC ProsecT ON Broapv River, by A. B. 
UrquuHanrt, student. Nov.19. Att. 43. 


South Dakota State School of Mines 

InpustTRiAL ControLu, by F. H. Doremus, 
Genl. Elec. Co.; Taz Moprrn TREND IN STEAM 
TurBINE Desien, by R. A. Halse, Genl. Elec. 
Co. Nov. 4. Att. 37. 


University of Southern California 

E. R. Stauffacher, So. California Edison Co., 
Ltd., described relay applications on the Edison 
system. Oct.27. Att.31. 

M. W. Edwards, Municipal Lt. and Pwr. 
Dept., City of Pasadena, spoke on the develop- 
ment and expansion of their power plant and 
interconnecting systems. Nov.4. Att. 25. 


Stevens Institute of Technology 


Morortess Aviation, by H. W. Braendel, 
student. Nov. 13. Att. 40. 


University of Utah 

INVENTIONS OF THomMas A. Epison, by 
S. Ramo, student; DrevrELopMEeNnT oF THE IN- 
CANDESCENT Lamp, by F. C. Derrick, student. 


Nov. 5. Att. 30. 

SALESMANSHIP AS RELATED TO ENGINEERING, 
by Mr. Ferguson, Utah Pwr. & Lt. Co. Nov. 19. 
Att. 35. 

University of Vermont 
Prof. L. P. Dickinson, counselor, gave an 


illustrated lecture on the life and work of 
Thomas A. Edison. Oct. 26. Att. 20. 

Various Typrs or A-C. RecriFiers, by 
Prof. L. P. Dickinson, counselor. Nov. 9. 
Att. 18. 


Virginia Military Institute 

Lirr oF Epison, by W. S. Hayman, student; 
Mopern Exvecrriciry, by W. L. Calhoun, stu- 
dent; Lirr or Strrnmetz, by F. B. Epps, stu- 
dent; Ligurnine Exvxrcrriciry, by N. W.Ling- 
man, student. Nov. 14. Att, 57. 


Virginia Polytechnic Institute 


Harpreninc Merats sy Maanoarism, by 
A. de Villesante, student; Powrr PLANT OF THE 


Axron, by R. C. Beverly, student; BoutpmR 
Dam, by OC. Gratz, student. Nov. 11. Att. 50. 

ReEcTIFICATION OF ALTERNATING CURRENT, 
by D. E. Williams, student; Viretnran Ratt- 
way Power Puant at Narrows, VA., by C. R. 
Settle, student. Nov.19. Att. 47. 


State College of Washington 

Dean H. V. Carpenter, vice-pres. A.I.E.E., 
reviewed activities at the 1931 Pacific Coast 
convention. Oct.27. Att. 22. 

Lire aNp Works or Tuomas A. Epison, by 
D.H. Olney, student. Nov. 17. Att. 34. 


University of Washington 

Captain Crim, U.S. Army Ordnance, described 
methods of electrical firing control. Illustrated. 
Nov. 12. Att. 27. 

PuHorortectRic CrLtus AND THEIR APPLICA- 
TION TO SouND Repropuction, by Floyd Norris, 
student. Nov.19. Att. 13. 

Rock Isuanp PrRosEect ON THE COLUMBIA 
Rrver, by L. R. Coffin, Puget Sound Pr. & Lt. 
Co. Dec.3. Att. 19. 


West Virginia University 

Rurat Power Transmission, by L. E. 
Palmer; Arc Wextpine, by Wm. P. McCue; 
Ways oF Proving Goop Wetps, by R. W. 
Blair; D-C. Conrro.tuep Retays, by A. W. 
Friend; Circurr BrrakERS IN THE Homes, by 
J. L. Simpson; TrRANsMIssION AND DiIsTRIBU- 
TION OF Execrric Enerey, by J. E.Wallace, 
allstudents. Nov.9. Att. 30. 

Mopern Pracrises IN THE Usn oF ELsc- 
TRIc Powrr, by M. Stewart; Tue Earru’s 
Exvecrric Cnarar, by F. D. Brown; Niexur 
PuHotroagrapruy, by E. P. McCue; Exvrecrricau 
APPLIANCES AT THE NeEMacoLINn Minz, by V. 
Montieth; Wrtprp Burtpine ConsTRUCTION, 
by A. Higgins; all students. Nov. 2. Att. 30. 

Tuomas A. Epison, by Philip Skaff, student. 
Illustrated. Film—‘‘The Single Ridge,’ Nov. 
9, Att. 30. 


University of Wisconsin 


THYRATRON TuBEs, by C. V. Bullen, student; 
CaucuLaTIon oF Maenetic Fuux Densiry, by 
K. J. Rhodes, student. Nov.9. Att. 67. 
University of Wyoming 

THEORETICAL FUNCTIONING OF GASEOUS 
Tusres Usrep For ILLUMINATION, by Albert 
Buchholz and LeRoy Border, students; Pracri- 
cau APPLICATION OF Gaseous TuBES USED FOR 
IntumrnaTtion, by H. Soule, Western Pub. Ser. 
Co. Nov.17. Att. 25. 


Addresses Wanted 


A list of members whose mail has been re- 
turned by the postal authorities is given below, 
with the address as it now appears on the Insti- 
tute records. Any member knowing of correc- 
tions to these addresses will kindly communicate 
them at once to the office of the secretary at 33 
West 39th St., New York, N. Y. 


Balaguer, Manuel M.,c/o International Tel. & 
Tel. Co.,67 Broad Sé., ew York, N. Y. 

Cater, C. , Sandal, Church Road, Pinner, Eng. 

Chilofsky, Joseph, 958 N. 7th St. ,Phila. "Pa. 

Cordier, N.A., 126 Chatterton Pkwy., White 
Plains, N NUY: 

Farnlof, Charles G.T. ,1318 Laketon Rd., Wil- 
kinsbur: g, Pa. 

page dae ye H.,1814 Virginia Rd.,Los Angeles, 

alif 

Goldsman, Jacob L.,64 Priory Rd.,Hampstead, 
London, Eng 

Kamm, J. aed 1801 N. Lamar St.,Dallas, 


Texas. 

McCulloch, G.B.,McVie Caterers, Ltd.,Sydney, 
N.S.W.,Australia. 

Melson, Sydney Ww. ,Yeatton Woolrich Rd., 
Abbey Wood, ‘London, S.E.2, England. 

Mountain, C. E.,Burma ‘Elec. Supply Co.,Man- 
dalay, Burma, India., 


ELECTRICAL ENGINEERING 


Parr, J.C.,245-71st St., Bklyn.,N.Y. 

Pierson, Walter D.,4710 Locust St.,Phila. Pa. 
Pistorius, L.H., 193 Jeppe St., Johannesburg, 
South Africa. : 
Schrock, John E.,3720 Main St.,Lawrence Park, 

Erie, Pa. 


Stempfle, Frederick, 8126 E. Vernor Highway, 
Detroit, Mich. 

Tate, William, Apartado No. 41, Pula, Mexico. 

Thakkur, K.B.,Box 654, Whiting, Ind. 

Voronovsky, T.G.,1162 Waverly Place, Schenec- 
tady, N. Y. 


So ee Notes 


Of the Enayintcering Societies | oad bn peu Saoryice 


Men 
Available 


GAD sh By, 24,*single; BsS.. in) EB. _E), 
W.P.1I. 1931; 4 yr. experience in construction; 
one in transmission work. Desires work in any 
E.E. field. Available at once. Location op- 
tional. D-45. 


1931 GRAD. E.E. of 5-yr. cooperative school, 
23, single. Experience includes machine shop 
practise, telephone central office trouble shoot- 
ing, and service with large municipal fire alarm 
system. Desires position with mfg. concern or 
pub. utility. Will start at bottom. Middle 
West preferred, elsewhere satisfactory. C-9825. 


DESIGN ENGR., col. grad., 38, married; 
9 yr. elec. substation and powerhouse design, 
with switchboards, wiring diagrams, and all 
other important items; 5 yr. test engr. pwr. 
station and research labs. Fluently speaks 


Spanish, German, and Hungarian. Available 
immediately. U.S.A.or foreign. C-9128. 
FINANCIAL ENGR., Cornell (ME-EE); 


12 yr. regulatory commission; 4 with utility 
holding mgnt. corp., 8 months intensive course 
bond buying dept. leading insurance company; 
employed almost 4 yr. thereafter on financial and 
fact-finding investigations by outstanding cons. 
engg. organization. Desires opportunity New 
York City. Salary open. C-2953. 


M.1.T. GRAD. E.E., 35, married. 6 yr. indus- 
trial and teaching experience in E.E. Several 
years private research and dev. work on own 
initiative. Good ability, integrity, and per- 
sonality. Desires univ. teaching for life work. 
Mid West or South preferred. C-2826. 


E.E., grad. southern univ., married, 34, G.E. 
Test; 10 yr. in utility engg. and maintenance 
work, (§ on underground distr. system incl. 
a-c. low voltage networks); desires position with 
utility in design or maintenance of distr. system. 
Location immaterial. C-1191. 


GRAD. E.E., 26; 9 yr. consisting of power 
plant and substation constr. and maintenance as 
draftsman and engg. asst.; street ry. electrolysis 
surveys; automatic substation design and super- 
vision of construction and maintenance; indus- 
trial elect. work as draftsman and engg. asst. 
Location immaterial. Available at once. C-5151. 


ELECT-MECH. ENGR., 28, married, M.E. 
deg., thoroughly competent mech. and elect. 
design and dey. of rotating apparatus. First- 
class references and record of accomplishments. 
eee on notice. Location immaterial. 

-109. 


ELECT. ENGR. B.S. from M.I.T. in 1931. 
American, 25, single. Desires position with 
mfg. or pub. utility company. Upbringing in 
business environments qualifies him for sales 
work also. Eastern states preferred, any other 
location considered. Available now. D-110. 


GRAD. E.E., 21, single, B.S. in E.E. 1931 
high scholastic record. Summer experience pub. 
utility. Interested in position with industrial 
concern or pub. utility. Available now. New 
York preferred but not essential. C-9467. 


TECH. GRAD. eastern college, B.S. in E.E., 
1927. Good tech. background. Knowledge of 
vacuum tubes, audio amplifiers, and sound re- 
producing systems. Elect. pwr. distr. and refrig. 
Traveled extensively as company engr. and 
‘representative. Experienced in managerial, 
executive, sales capacities. Desires position 
pe yuiring tech. ability and sales personality. 

-8231. 


MOTOR CONTROL EQUIPMENT ENGR. 
25 . experience in motor control design, 
articularly elect. elevator and misc. control 
roblems and layouts. B.S. in E.E. D-120. 


JANUARY 1932 


RESEARCH ENGR. member A.I.E.E., 
A.S.M.E., Am. Statistical Soc.; lately with 
large utility company; change due to organiza- 
tion curtailment. D-112. 


SUPERINTENDENT. 20 yr. in the States 
in constr. and operation of ry., lt. and pwr. prop- 
erties; 8 yr. similar work in Latin America. 
Working knowledge of French, Spanish, Portu- 


gese. Successful mgt. sales eastern Cuba for 
large importers. Prefers Latin countries. 
B-5729. 

GRAD. E.E., 1925; 27, single; 1 yr. G.E. 
Test. 5 yr. engg. dept. of large lt. and pwr. 
utility. Constr., inspection, investigations, and 
tests. Desires constr. or sales engg. work, but 


would consider anything. Location East. Avail- 
able at once. D-107 


ELECT., DESIGNING DRAFTSMAN, 37, 
married. 3 yr. Armour Inst., night school, E.E. 
9 yr. design of stm. and hydroelect. sta. High 
and low voltage, substations and steel tower 
trans. lines, 1 yr. field engr. on trans. lines, 4 
yr. constr. workman, 2 yr. operating and load dis- 
patcher. Available now. Anywhere. C-9986- 
3660-Chicago. 


MECH. AND ELECT. ENGR., 32, single, 
M.E.and E.E. 4 yr. instructor in machine design 
at Cornell University. 5 yr. Allis Chalmers stm. 
turb. design and checking, liberal shop experi- 
ence. Desires at once responsible work offering 
future opportunities. Middle West preferred. 
D-122-3680-Chicago. 


GRAD. E.E., 31, single, 8 yr. experience, de- 
sign, and constr. of trans. lines, voltages up to, 
and incl. 220-ky., outdoor and indoor high volt- 
age substation and distr. networks. Desires posi- 
tion in engg. or constr. dept. of large utility or 
holding company. Location immaterial. C-3564. 


DESIGN ENGR., Westinghouse Engg. and 
Design School grad. Pwr. and instr. trans. de- 
sign experience. Nowemployed. D-131. 


SALESMAN, contact representative or mfr. 
agent; 37, experienced E.E. representative de- 
sires position with high grade company mfg. line 
of high or low voltage equip. for industrial plants 
or utilities. B-4067. 


1931 E.E. Grad., Georgia Tech., cooperative 
plan. Single, 24, no obligations; 214 yr. experi- 
ence battery work; small turbo-generators; in- 
stallation of pwr. and control equip. machine 
shops and oil pumping stations, and winding of 
fractional hp. motors. 4-yr. course Spanish. 
Available immediately, anywhere. D-127-3694- 
Chicago. 


ELECT. ENGR. 32, single, B.S. E.E., addi- 
tional work M.E., Phi Kappa Phi. 8 yr. board 
experience, powerhouse, substation, trans. line, 
duct system design; estimates, standards, equip. 
specifications, operation. Responsible, capable 
engineer asst. Desires position with mfr. or in 
plant mgnt. for utilities. Salary secondary to 
opportunity. D-124. 


GRAD. ENGR.,41, with mech., structural and 
elect. experience. 10 yr. with engg. firms han- 
dling design and constr. of power and industrial 
plants. 2yr.asplantengr.inlargefactory. Last 
5 yr. with pub. utility on indoor and outdoor 
substations. Unemployed. A-3027. 


ELECT.ENGR.1924grad.,B.S. E.E., 29, mar- 
ried, 7 yr. experience testing, inspecting, instal- 
ling various elect. equip. Writing reports. Asst. 
to mgr. pwr. and It. utility. Purchasing elect. 
supplies. Available at once. Detailed informa- 
tion gladly given. Welcomes opportunity in 
operating-maintenance dept., pub. utility or 
mfg. concern. C-4981. 


1931 E.E. GRAD. 6 yr. experience as an 
amateur radio operator. Experienced in radio 
receiving and transmitting apparatus. Desires 
position with radio or telephone concern. Avail- 
able at once. D-76. 


ELECT. ENGR. 30, married, B.S. E.E. 1924. 
7 yr. experience design of synchronous motors, 
generators, condensers, frequency-changers of 
all speeds, ratings. Familiar with mech. design 
of synchronous machines and system stability 
studies. Desires employment with utility com- 
pany or cons. engg. firm. Location immaterial. 
One month's notice. D-147. 


ELECT. AND ILLUM. ENGR. member 
A.1.E.E., 1.E.S., 16 yr. practical experience, elec- 
trician and mechanic, foreman, supt., etc. 10 
yr. est. engg. for architects, etc. Some htg, and 
vent. experience. All around mechanic and 
electrician, draftsman. Wants work of some 
kind anywhere; eastern states preferred. C-8460. 


GRAD. E.E., 22, single, B.S. E.E. 1931; two 
yr. experience in mfr. elect. motors and gener- 
ators, constr., test, and experimental laboratory. 
Desires connection for design and constr. of gen- 
erating plants. Prefers New Jersey, but not 
essential. D-159. 


ELECT. ENGR. single, 26, E.E.’30. 15 months 
G.E. Test. 5 months experience in G.E. Re- 
search Laboratory. Desires position in engg. or 
test dept. of utility or mfg. company. Available 
atonce. Location New York. D-136. 


1931 GRAD. E.E. from leading college in 
N.Y. State desires position in the elec. industry. 
Experience main motive, age 25. Several 
languages. Location U.S.A. or any foreign 
country. Available immediately. D-164. 


SALES ENGR., grad. M.I.T. 1925 B.S. E.E. 
Design experience Penna. R.R. Co., Westing- 
house Test, sales course. Sales experience, 


57 Post St. 
San Francisco 
N. D. Cook, Manager 


AINTAINED by the national socie- 
ties of civil, mining, mechanical, and 
electrical engineers, in cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers’ Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring full information concern- 
ing the services of this bureau. 


Men Available.—Brief announcements 
will be published without charge; repeated 
only upon specific request and after one 
month’s interval. Names and _ records 
remain on file for three months; renewable 
upon request, Send announcements direct 
to Employment Service, 31 West 39th 
Street, New York, N. Y., to arrive not later 
than the fifteenth of the month. 


pees Is 


205 West Wacker Drive 
Chicago 
L. E. Griffith, Manager 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


31 West 39th St. 
New York 
W. V. Brown, Manager 


Opportunities.—A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or $10 per 
annum, payable in advance. 


Voluntary Contributions.—Members 
benefiting through this service are invited 
to assist in its furtherance by personal con- 
tributions made within 30 days after place- 
ment on the basis of 1.5 per cent of the 
first year’s salary. 


Answers toAnnouncements.— 
Address the key number indicated in 
each case and mail to the New York office, 
with an extra two-cent stamp enclosed 
for forwarding. 


domestic and export elect. equip. ; financial train- 
ing. Desires sales position or one where com- 
bined tech. and commercial knowledge is advan- 
tageous. At present in New York City. C-1415. 


ELECT.ENGR.28, with mech. and lab. experi- 
ence. Wishes work especially in connection with 
elec. rys. Salary not important if work is with- 
in New York area. O-8424. 


ELECT. ENGR. 24, graduate Calif. Inst. of 
Tech. 1931. Special training vacuum tubes and 
communications, also radio experience. Desires 
position in communications or allied fields. 
Will start at bottom. Location immaterial; 
available at once. D-171. 


GENERALENGR. Univ. education. West- 
inghouse apprentice. Wide experience. 4 yr. 
responsible charge of pwr. and wtr, supply for 
large industrial corp., operating chain of plants. 
7 yr. large engg. and constr. corp. Experienced 
in mech. design, test and operation of pwr. sta- 
tions. D-172. 


ELECT. ENGR. 28, single. Grad. Georgia 
Tech. 29, B.S.in E.E. and C.E. Westinghouse 
. test floor, engg. school and design school. 1 yr. 
experience in turbine generator design, incl. dev. 
work. Desires position with future. Location 
immaterial. Available at once. O-9923. 


ELECT. ENGR. univ. grad., 36, mar- 
ried. Background of 8 yr. experience elect. test. 
in field and lab. also in erecting equip. Addi- 
tional 34 yr. experience in testand manufacture 
of radio tubes. Desires position with mfr. or 
lab. Metropolitan New York preferred. Avail- 
ablenow. B-8817. 


GRAD. E.E. 25, single. B.S.’29 and M.S.’31 
from M.I.T. 1 yr. G.K. Test; 4 summers gen’l 
maintenance work with telephone company. 
Available at once. Will go anywhere, to any 
poses for which qualified. Salary secondary. 

-1 


1931 GRAD. ENGR., with B.E., single, 23, 
American, desires position in the elect. industry 
with opportunity for advancement. Location 
immaterial. D-174. 


1931 E.E. GRAD., 23, single, B.S. in E.E. at 
M.1.T. Summer experience in electric station 
of pub. utility company. Desires position with 
pub. utility, elect.or radio mfg.company, salary 
secondary. Available at once. D-180. 


ELECT. ENGR., Cornell. G.E. shops. 5 yr. 
each: ry. elect. hydroelect. projects; heavy auto- 
motive and tractor design and operation; engg. 
investigations, reports South America, Orient; 
quantity production high voltage vacuum de- 
vices, photoelectric and neon tubes, plant equip- 
ment; director electrophysical lab. Geoelectrical 
pag) for water, ore; own complete equipment. 


EXECUTIVE, industrial physicist tech. 
grad. with diversified research experience and 
excellent engg. training. Desires position with 
American organization. Will consider opening 
miter: to able engr. or business executive. 

A (irs 


ENGR. INSPECTOR, tech. grad., 19 yr. ex- 
perience incl. test. and lab. work, valuation, 
mfg. prod., inspection and expediting production 
of elect. and mech. pwr. equip. Familiar with 
latest dev. in elect. pwr. equip. and transmission 
material. Past 9 yr. represented pub. utility 
company inspecting and expediting. Position 
desired. D-179. 


GRAD. E. E., 1929, single, 23. 15 mo. as 
student engineer on G.E. test. Some test, draft- 
ing, and switchboard construction experience 
before graduation. Interested in position with 
firm doing cons. or constr. work or with utility or 
manufacturer. Available at once. Location 
anywherein U.S. C-8028. 


POWER PLANT MGR., SUPT., desires to 
make change. Married, 33. 3 yr. E.E. course, 
broad experience, 2 yr. U.S. Navy, 2 yr. large 
elect. mfg. company, 5 yr. elect. engr. ins. com- 
pany. 4 yr. power-plant constr., mgt. Middle 
West preferred; will consider other. Short 
notice desired, D-187. 


ELECT. ENGR., 24, single, Iowa State Col- 
lege, 1931. Experience limited. Desires work 
with pub. utility or mfg. concern. Salary second 
to opportunity. Available now. Anywhere in 
U.S. C-9827. 


GRAD. OF NORTH CAROLINA STATE 
COLLEGE, class ’31, B.S. in E.E., desires con- 
nection with illuminating concern or work with 
photoelectric cells. Salary no consideration. 
‘Wishes to learn business from bottom up; stay- 
ing withit. D-144. 


GRAD. E.E., 32, single. 3 yr. Westinghouse 
Test. 7 yr. supervising power plants, substa- 
tion, transmission line construction. 8 yr. 
engg. insp., purchasing, expediting, tracer, res. 
engr. and writing specifications. Excellent ref- 


68 


erence. Can handle responsibility. Wants con- 
nection with pub. utility, holding company, con- 
tractor or mfr. Available immediately. Loca- 
tion immaterial. B-9661. 


GRAD. E.E., 22, single, B.S. in E.E., 1931, 
desires work where 5 yr. practical experience as 
rane tr aaa and radiotrician will be of value. 

-9896. 


ELECT. ENGBR., 23, single, 1931_grad., 
E.E. from Bklyn. Polytechnic Inst. Desires 
position with electrical industry with an op- 
portunity for advancement. Salary secondary. 
New York preferred; not essential. D-188. 


ELECT. ENGR. 45, univ. grad., experienced in 
the various branches of elect. engg. work of pwr. 
companies incl. work for industrial customers, 
desires position with pwr. company or mfr. 
Permanent position desired, but will consider 
temporary work. B-1923. 


GRAD. E.E., 24, cooperative college. Experi- 
ence, design, manufacture, test, repair of indicat- 
ing instruments, tube testers, a-c. and d-c. power 
instruments, special instruments, relays. Famil- 
jar with test, laboratory equipment. Good 
background for research or test. Also experience 
in production. Type of work secondary. Avail- 
ableatonce. U.S.,Canada. O-9585. 


GRAD. E.E. 34, married, 13 yr. experience 
U.S.A., Europe, Latin America. Drafting, 
design, supt. of constr., elect. and mech., power 
plants, a-c. and d-c. substations, industrial elec- 
trifications, etc. Also some experience in design 
of elect. mach. Fluent Spanish. Will consider 
new field at reasonable salary. C-8553. 


ENGG.-PRODUCTION demand close tie for 
efficiency. Has designed and regulated pro- 
duction in automatic devices, radio receivers, 
small motors. Also design field and factory high 
speed test equip. Familiar phonograph record- 
ing, vacuum tubes, lab. supervision, constr. 


Membership 


E.E. degree, married, -30, locate New York 
vicinity. D-181. 


RESEARCH, DEV. ENGR.,30,,B.S.andE.E. 
Columbia and Harvard univ. 1 yr shop, 6 yr. 
test., research, development, patent experience 
on various electrical, electromechanical devices 
for domestic, industrial applications; proved and 
substantial record for original work. Engg. and 
sales promotion, good correspondent. Execu- 
as Prep nage A-1 character, personality. 

-930. 


TRAFFIC ENGR., grad. E.E., 12 yr. experi- 
ence, pub. utility, municipal organizations in 
engineering, vehicular traffic control and fire 
alarm work. Thoroughly experienced, traffic 
surveys, planning, specifications, installation, 
etc. of traffic or fire alarm systems. Now com- 
pleting traffic system in eastern city. Available 
immediately. B-9408. 


ELEOT. ENG., 33, married, B.S. E.E. 1921. 
10 yr. automotive maintenance. G.E. Test. 
3 yr. designing motors, generators, arc welding 
equipment. 3 yr. developing, designing auto- 
motive drive motors, generators, control. 3 yr. 
automotive development, maintenance bus, cab 
company. Interested, electrical, automotive, 
designing, maintenance. D-95. 


GRAD. E.E., 46. 18 yr. experience in the 
manufacture of elect. wiring devices, incl. design- 
ing, development, test., estimating, cost and 
production work. 4 yr. with Underwriters 
Laboratories charge of branch office making 
inspections, tests, examinations and reports. 
Desires position with mfg. concern, inspection 
bureau or experimental laboratory. C-8449. 


ELECT. ENGR., B.S. in E.E. 1928. 6 yr. 
operating experience in elect. pwr. plants, both 
hydro and stm., 4 yr. cost accounting, some test. 
and sales experience. Wishes position with elect. 
utility or mfg. concern. Single. Salary open. 
Location U.S. or foreign. C-7796. 


Recommended 
for Transfer 


The board of examiners, at its meeting of 
November 24, 1931, recommended the following 
‘Associates for transfer to the grade of Member. 
Any objection to these transfers should be filed 
at once with the national secretary. 


To Grade of Member 


Board, Virgil Lee, vice-pres. and genl. supt.,Pub. 
Serv. Co, of Colo., Denver 

Brain, Vivian J.F.,ch. elec. engr.,Dept. of Pub. 
Wks., Sydney, N.S.W.,Australia 

Burt,Harvey A.,asst.supt., hydro and trans.,Pub. 
Serv. Co. of Colo., Denver, Colo. 

Carlson, Victor H., asst. to elec. supt.,Chile Ex- 
ploration Co.,Chile,S8. A. 

Carraway, Thomas W.,Grinnell Co.,Providence, 


Cave, Jere Shunk, ch. engr., The Venezuela Tele- 
phone Co., Venezuela, 8. A. 

Dring, George S.,div. plant supt.,Am. Tel. & 
Tel. Co., Denver, Colo. 

Fenkhausen, Rudolph H.,supt.,pwr. dept., Beth- 
lehem Shipbuilding Corp.,San Francisco, 


Calif. 

Field, Russell M.,section engr., Westinghouse 
Elec. & Mfg. Co.,Sharon, Pa. 

Hardaway, Warren D.,supt.,hydroelec. prod. and 
trans.,Pub. Serv. Co. of Colorado, Denver 

Hudson, Floyd E.,asst. planning epgr., Bangor 
Hydroelectric Co.,Bangor,Me. 

Kreul, Albert H.,elec. maintenance and constr., 
Portland G. E. Co.,Portland, Ore. 

Nichols, Benjamin H.,instructor, elec. engg., 
Oregon State College, Corvallis 

Nolan, Thomas J.,system operator, Toledo Edi- 
son Co.,Toledo, Ohio 

Rogers, Clarence E.,ch. engr.,Pacific Tel. & Tel. 
Co., Seattle, Wash. 

Ryan, Richard M..,elec. engr.,G. E. Co.,Kansas 
City, Mo. 

Shirk, William B.,steel mill engr., Westinghouse 
Elec. & Mfg. Co.,E. Pittsburgh, Pa. 

Siniapkin, Nicholas M.,elec. engr.,State Archi- 
tect’s Office, Albany, N. Y. 

Smith, Walter F.,Jr.,member of tech. staff, Bell 
Tel. Lab.,Inc.,New York 


Sterne, William C.,pres.,Arvada Electric Co., 
Denver, Colo. 
Wang, Meng, prof. of E.E., Shansi Univ.,China 


Applications 
for Election 


Applications have been received by the sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the secretary before January 31, 1932. 


Ackerman,F.L.,Portalnd G. E. Co., Salem, Ore. 

Allen,G.M.,Florida Pwr. Corp.,Brooksville 

Alor HG n\pated Elec. Lt. Co., Springfield, 
ass. 

Allen, R.I.,J.B.Stetson Uniy., DeLand, Fla. 

Anderson,L.W.,Genl. Elect. Co., Louisville, Ky. 

Armstrong, W .M.,Stanford Univ. Stanford Univ., 


Calif. 
Ashkenazi,M.A.,Phila. Elect. Co., Pa. 
Atwater,E.,Bell Tel. Labs., N.Y.C. 
Aydelott,J.C. (Member) Gen!.Elect.Co.,Erie, Pa. 
Baer, W.K., Underwriters Labs.,N.Y.C. 
Bange,R.M.,N. Y. Edison Co.,N.Y.C. 
Barrett, J.S.,20 Fair St., Nantucket, Mass. 
Barrett,R.E.,Jr., Holyoke Wtr. Pwr. Co.,Mass. 
Bartley, E.A ‘Allis-Chalmers Mfg.Co., West Allis, 


Wis. 
Bassett, L.R.,Int’l. Business Mach. Corp., Roch- 
ester,N.Y. 
Behrens,H.F., Brooklyn Edison Co.,N.Y. 
Bell, J. D., Jr., H.&G.Refrig. Co.,Columbia, S.C. 
Berner,J.A.,Northern States Pwr. Co.,Minne- 
apolis, Minn. 
Biggi,J.F.A.,Westn, Union Tel. CoN 
Biskeborn,M.C.,Bell Tel. Labs.,Inc.,N.Y.C. 
Black,H.M.,Westinghouse Elec. & Mfg. Co., 
B. Pittsburgh, Pa. 
Blackbourn,F.E.,Milwaukee Sch. of Engg., Wis. 
Bolze,J.N.,2730 Humphrey St.,E.Elmhurst,L.I., 


N.Y. 
Bond, D.H.,New Orleans Pub. Sery. Inc.,La. 
Border, G.M.,Bell Tel. Labs., N.Y.C. 
Borngesser,R.H.,Dept. of City Transit,Phila.Pa. 


ELECTRICAL ENGINEERING 


Bost, W. a , Texaco Prod. Co.,Tulsa,Okla. 
Bostick, D R.,Carolina Pwr. & Lt. Co. ,Raleigh, 


Gg; 
Bradley, W.T.,Dept. of City Transit, Phila., Pa. 


Branch,G.R.,Westinghouse Elec. & Mfg. Co., 
E. Pittsburgh, Pa. 

Brenneman,A.G.,Hydro-Elect.Pr.Comm.ofOnt., 
Hamilton, Ont., Can. 

Brieger,E.W.,Univ. of Texas, Austin, Tex. 

Brockmeyer,H.,Wis. Telephone Co.,Milwaukee, 


Wis. 

Brouse,H.L.,Rutgers Univ.,New Brunswick,N.J 

Bruse,C.B.,Purdue Univ.,W.Lafayette, Ind. 

Buchhart,P.W.,Pa. RR. Co., Phila.,Pa. 

Burgess, B.H. IN. Y. Central RR., Harmon, Neve 

Burgess,T.J. ,Hydro- Elect. Pr. Comm. of ‘Ont., 
‘Hamilton, Ont. ,Can. 

Byrne, H.E. Detroit Edison Co., Mich. 

Detigehaa, FL ,City of Baton Rouge, La. 

sdb one Bell Tel. Co. of Can.,Montreal, 

ue 

Cartwright,G. HH. ,Rollins Col.,Winter Park, Fla. 

Cavanagh,G. North Am. Lt. & Pwr. Co., Chi- 
cago, Ill. 

Chabot,R.L.,Bell Tel. Co. of Pa.,Pittsburgh, Pa. 

Chapin,E.W.,U.S. Dept. of Com.,Baltimore,Md. 

Chapman,H. D., Hydro-Elect.Pr. Comm. of Ont., 
Toronto, Can. 

peethem, Aa AA. Case Sch. of Ap. Science, Cleve- 
an 

Chick,J.E. i, (Member) Westinghouse Elec. & Mfg. 
Co. . Akron,Ohio 

Cillie,C.D. Int'l. G.E. Co.,Schenectady, N.Y. 

Clark,N. C.,Univ. of South. Calif.,Los Angeles. 

Cline, T.H. ‘Purdue Univ.,W Lafayette, Ind. 

Connelly, J.S. SINS. Woe Telephone Co.,N.Y.C. 

Cooper, W.T. 51514 North Shore ere Chicago, Tl 

Coryell,W.R. “Washington Univ.,St. Louis, Mo. 

Countryman, C. ,Coxsackie, N.Y. 

pose 8 as “Am. Tel. & Tel. Co. ,Memphis, 

enn, 

Daebler,O.F.,Philadelphia Elect. Co., Pa. 

Datshkovsky,E.,1809 So. Ridgeway Ave.,Chi- 
cago, Ill. 

Davis,E.R.,Duke Power Co.,Charlotte, N.C. 

Davis,P.A. 'Genl. Elec. Co, Bridgeport, Conn. 

Dean,J.E. Detroit Edison Go., Mich, 

Dempsey, B.J. Linde Air Prod. Co. N.Y.C. 

Diehl,S.C. Lehigh Univ. Bethlehem, Pa. 


; Dilorio, F. ‘Jr. ,217 Canal St.,Staten Island, NX 


Be ae 
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P.H.Powell, Canterbury College, Christchurch, 
New Zealand. 

M.A.Chatelain, Polytechnical Institute, Apt. 27, 
Leningrad, Sosnowka 1-3, U.S.S.R. 

A.F.Enstrom, Ingeniorsvetenskrapsakademien, 
Stockholm, 5, Sweden. 

W.Elsdon-Dew, P.O. Box 4563, Johannesburg, 
Transvaal, Africa, 
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GENERAL COMMITTEES 


Executive 


C.E.Skinner, Chm., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

H.P.Charlesworth 

J.Allen Johnson 

W.S.Lee 


Board of Examiners 


H.Goodwin, Jr., Chm., 601 Franklin Bldg., 
Philadelphia, Pa. ¥ 
H.E.Farrer, Secy., 33 W. 39th St., New York, 


F.W.Peek, Jr. 
W.I.Slichter 
C.E.Stephens 


INGYe 
H.A.Currie R.H.Marriott 
H.W.Drake L.W.W.Morrow 
S.P.Grace A.L. Powell 
H.A. Kidder W.R.Smith 
F.V.Magalhaes R.H.Tapscott 8.D.Sprong 


Finance 


C.E.Stephens, Chm., Westingouse Elec. & Mfg. 
Co., 150 Broadway, New York, N.Y. 
H.P.Charlesworth R.H.Tapscott 


Publication 


E.B.Meyer, Chm., 80 Park Place, Newark, N.J. 
F.A.Lewis, Secy., 33 W. 39th St., New York. 
W.S.Gorsuch F.L.Hutchinson 
W.H.Harrison H.R.Woodrow 


Technical Program 


W.H.Harrison, Chm., Am. Tel. & Tel. Co., 195 
Broadway, New York, N.Y. 

C.S.Rich, Secy.,33 W. 39th St.,New York, N.Y. 

P.P.Alexander A.C,.Cummins 


P.L.Alger R.E.Doherty 
Raymond Bailey C.W.Drake 
J.R.Baker W.S.Gorsuch 
R.A,Beekman W.B.Kouwenhoven 
W.T.Blackwell Paul MacGahan 
P.H.Brace E.L.Moreland 
Vannevar Bush H.S.Osborne 
H.P.Charlesworth D.E.Renshaw 
P.H.Chase E.J.Rutan 
L.W.Chubb D.W.Taylor 
T.A.Worcester 
Sections 
E.S.Lee, Chm., General Electric Co., Schenec- 
tady, N.Y. 
W.B.Kouwenhoven I.M.Stein 
G.H.Quermann W.H.Timbie 


Ex-officio: 
Chairmen of all Institute Local Sections. 


“Membership 


R.L.Kirk, Chm., Duquesne Lt. Co., Pgh., Pa. 


E.P.Coles J.Allen Johnson 
F.G.Graf C.H.Kline 
James Harrison J.A.Koontz 
Joseph Hellenthal T.G.LeClair 
V.L. Hollister E.M.Wood I.M.Stein 


Ex-officio: 
Chairmen of Section membership committees. 


Constitution and By-Laws 


W.S.Gorsuch, Chm., 600W. 59th St., New York. 
C.O.Bickelhaupt E.B.Meyer 
H.A.Kidder W.1I.Slichter 


Coordination of Institute Activities 


H.P.Charlesworth,Chm.,463 West St.,New York. 
W.S.Gorsuch E.S.Lee 
W.H.Harrison E.B.Meyer 
F.L.Hutchinson C.E.Stephens 


Student Branches 


W.H.Timbie, Chm., Massachusetts Institute of 
Technology, Cambridge, Mass. 


W.E.Freeman C.F. Scott 
F.O.MecMillan W.J.Seeley 
Ex-officio: 


All Student Branch Counselors. 


Headquarters 


R.H.Tapscott, Chm., New York Edison Co., 4 
Irving Place, New York, N.Y. 
F.L.Hutchinson 


Public Policy 


Bancroft Gherardi, Chm., Am. Tel. & Tel. Co., 
195 Broadway, New York, N.Y. 


C.E.Stephens 


C.C.Chesney Farley Osgood 
F.B.Jewett H.J.Ryan 
W.S.Lee R.F.Schuchardt 
Standards 


A.M.MacCutcheon, Chm., Reliance Elect. & 
Engg. Co., 1088 Ivanhoe Rd., Cleveland, O. 
H.E.Farrer, Secy., 33 W. 39th St., New York 


A.B.Cooper V.M.Montsinger 
J.E.Goodale F.D.Newbury 
C.R.Harte E.B,Paxton 
J.F.Meyer W.1.Slichter 
Ex-officio: 


Chairmen of working committees. 

Chairmen of A.I.E.E. delegations and repre- 
sentatives on other standardizing bodies. 

President of U.S. National Committee of I.E.C. 


Edison Medal 


Appointed by the President for term of five years. 
H.P.Charlesworth P.M.Lincoln OC©.E.Stephens 
(Terms expire July 31, 1932) 
D.C.Jackson, Chm. C.F.Harding F.A.Scheffier 
(Terms expire July 31, 1933) 
L.W.W.Morrow W.S.Rugg R.F.Schuchardt 
(Terms expire July 31, 1934) 


C.I. Burkholder F.A.Gaby H.J.Ryan 
(Terms expire July 31, 1935) 
H.H.Barnes, Jr. E.B.Meyer P.H.Thomas 


(Terms expire July 31, 1936) 

Appointed by the Board of Directors from its own 
membership for term of two years: 

A.E.Knowlton H.B.Smith R.H.Tapscott 

Terms expire July 31, 1932) 

W.S.Lee F.W.Peek, Jr. 

(Terms expire July 31, 1933) 


J.E.Kearns 


Ex-officio: 
C.E.Skinner, President 
W.1I.Slichter, National Treasurer 
F.L.Hutchinson, National Secretary 

(Terms expire July 31, 1932) 
Lamme Medal 


C.C.Chesney, Chm. 
H.P.Charlesworth R.B. Williamson 
(Terms expire July 31, 1932) 
J.C.Smith P.H.Thomas 
(Terms expire July 31, 1933) 
P.M.Lincoln J.C.Parker 


(Terms expire July 31, 1934) 


R.D.Mershon 


A.M.Dudley 


Principles of Professional Conduct 
R.F.Schuchardt,Chm.,72 W.Adams St.,Chicago. 


A.H.Babcock W.E.Mitchell 
G.Faccioli C.E.Stephens 
F.B.Jewett J.B.Whitehead 


Award of Institute Prizes 


W.H.Harrison, Chm., Am. Tel. & Tel. Co., 195 
Broadway, New York, N.Y. 
L.W.Chubb A.E. Knowlton 


Safety Codes 

J.C.Forsyth, Chm., N.Y. Board of Fire Under- 
writers, 85 John St., New York, N.Y. 

A.W.Berresford Wills Maclachlan 

L.B.Chubbuck F.V.Magalhaes 

J.F.Fairman J.D.Noyes 


E.B.Meyer 


H.B.Gear F.A.Pattison 
F.D. Knight Frank Thornton 
M.G.Lloyd H.S.Warren 


Columbia University Scholarships 


W.1I.Slichter, Chm., Columbia Univ., New York 
Francis Blossom H.C.Carpenter 
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Legislation Affecting Engg. Profession 
H.A.Kidder, Chm., 600 W. 59 St., New York. 


James P.Alexander J.C.Parker 
T.F. Barton J.R.Price 
B.M.Brigman Herbert S.Sands 
H.P.Charlesworth M.R.Scharft 


H.H.Schooltield 
W.1.Slichter 


L.F.Leurey 
L.W.W.Morrow 
J.B.Thomas 


Economic Status of the Engineer 

C.O.Bickelhaupt, Chm., Am.-Tel. & Tel. Co., 
195 Broadway, New York, N.Y. 

W.S.Lee 

E.W.Rice, Jr. 


W.S.Rugg 
C.F. Scott 


Jwadare Foundation, Japan 


F.B.Jewett, Chm., 195 Broadway, New York. 
W.I.Slichter Gerard Swope 


N.Y. Museum of Science and Industry 
J.P.Jackson, Chm., N.Y. Edison Co., 4 Irving 
Place, New York, N.Y. 


C.O.Bickelhaupt R.H.Nexsen 


Popular Science Award 


F.W.Peek, Jr., Chm., General Electric Co., 
Pittsfield, Mass. 


W.H.Harrison C.E.Stephens 


TECHNICAL COMMITTEES 


Automatic Stations 


D.W.Taylor, Chm., United Engineers & Con- 
structors, Inc., 80 Park Place, Newark, Nd 


F.F.Ambuhl C.A.Mayo 
A.E.Anderson 1.E.Moultrop 
L.D.Bale M.E. Reagan 
C.F.Craig 0O.J.Rotty 
John Fies Garland Stamper 
A.M.Garrett L.J.Turley 


Joseph Hellenthal F.Zogbaum 


Communication 


H.S.Osborne, Chm. E.J.O’Connell, Secy. 
Am. Tel. & Tel. Co., 195 Broadway, New York. 
H.M.Bascom G.M.Keenan 


E.L. Bowles G.A.Kositzky 
W.H.Capen C.J.Larsen 
A.A.Clokey John Mills 
R.N.Conwell J.W.Milnor 
C.F .Craig C.W.Mitchell 
B.R.Cummings F.A.Raymond 
R.D.Evans H.A.Shepard 
I.C. Forshee E.R.Shute 
D.H.Gage A.L.Stadermann 
B.D.Hull C.H.Taylor 
T. Johnson, Jr. H.M.Turner 

F.A. Wolff 
Education 


R.E.Doherty, Chm., Dunham Laboratory, 10 
Hillhouse Ave., New Haven, Conn. 


R.W.Adams O.W.Eshbach 
M.W. Alexander O.J.Ferguson 
E.W. Allen H.H.Henline 
J.W.Barker C.L.Kinsloe 
Edward Bennett A.H.Lovell 
P.S.Biegler H.W.Price 
H.V.Carpenter W.T.Ryan 
C.S.Coler Burke Smith 
C.R. Dooley G.B.Thomas 
H.E.Dyche W.H.Timbie 


W.E.Wickenden 


Electric Welding 


P.P.Alexander, Chm., General Electric Co., 
River Works, West Lynn, Mass. 


0.A.Adams J.E.Kearns 
J.H.Blankenbuehler J.C.Lincoln 
A.M.Candy Ernest Lunn 
Alexander Churchward F.C.Owen 
Frederick Creedy C.L.Pfeiffer 


Saul Dushman 
K.L.Hansen 
H.M.Hobart 
R.G.Hudson 


Joseph Slepian 
William Spraragen 
H.E.Stoddard 
H.W.Tobey 
G.H.Winkler 
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Electrical Machinery 
P.L. Alger, Chm., General Electric Co., Schenec- 


tady, N.Y. 
B.L.Barns A.M.MacCutcheon 
E.S.Bundy O.K.Marti 
H.E.Edgerton V.M.Montsinger 
J.E.Goodale R.W.Owens 
T.T.Hambleton R.H.Park 
A.L. Harding E,B.Paxton 
O.F.Harding H.V.Putnam 
E.W.Henderson K.A.Reed 
§.L.Henderson A.M.Rossman 
L.F.Hickernell O.E. Shirley 
J.Allen Johnson R.G.Warner 


C.A.M.Weber 
R.B,. Williamson 


J.J. Linebaugh 
H.C.Louis 


Electrochemistry and Electrometallurgy 


P.H.Brace, Chm., Research Dept., Westing- 

house Elec. &Mfg. Co., East Pittsburgh, Pa. 
Lawrence Addicks F.A.Lidbury 
T.C.Atchinson R.G.Mansfield 


L.W.Chubb Herbert Speight 
F.G.Clark N.R.Stansel 
S.K.Colby Magnus Unger 
J.C.Hale G.W.Vinal 
W.E.Holland J.B.Whitehead 
W.C. Kalb J.L.Woodbridge 

C.D.Woodward 
Electrophysics 


Vannevar Bush, Chm., Mass. Inst. of Tech., 
Cambridge A, Mass. 


O.E. Buckley G.M.J.Mackay 
W.G.Cady S.S.Mackeown 
W.F.Davidson K.B.McKEachron 
L.O.Grondahl L.W.McKeehan 
W.B.Kouwenhoven Harry Nyquist 
B.E.Lenehan Joseph Slepian 


W.C. White 
Liaison Representatives of Am. Physical Soc.: 
Leigh Page W.F.G.Swann 


General] Power Applications 


C.W.Drake, Chm., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


A.H. Albrecht H.A.Maxfield 
BH.A.Armstrong John Morse 
James Clark, Jr. N.L.Mortensen 
J.¥.Gaskill A.M.Perry 
John Grotzinger D.M.Petty 
Truman Hibbard H.W.Rogers 
Fraser Jeffrey L.D.Rowell 


A.M.MacCutcheon W.K.Vanderpoel 


M.R.Woodward 


Instruments and Measurements 


E.J.Rutan, Chm., N. Y. Edison Co., 92 Vandam 
Street, New York, N.Y. 


H.S.Baker O.A.Knopp 
R.D.Bean A.E. Knowlton 
O.J.Bliss H.C. Koenig 
P.A.Borden W.B.Kouwenhoven 
H.B.Brooks F.A.Laws 
A.L.Cook E.S.Lee 
E.D.Doyle J.B.Lunsford 
W.W.Eberhardt Paul MacGahan 
Marion Eppley R.T.Pierce 
J.B.Gibbs W.J.Shackelton 
W.N.Goodwin, Jr. H.L.Thomson 
I.F.Kinnard H.M,Turner 


Applications to Marine Work 


R.A.Beekman, Chm., General Electric Co., 
Schenectady, N.Y. 


E.C. Alger I.H.Osborne 
H.C,.Coleman G.A.Pierce 
E.M.Glasgow W.H.Reed 
H.F.Harvey, Jr. H.M.Southgate 
C.J.Henschel W.E.Thau 


William Hetherington,Jr. John Van der Dussen 


H.L.Hibbard A.E. Waller 
J.E.Kearns O.A. Wilde 
Alexander Kennedy,Jr. J.L.Wilson 
J.B.Lunsford R.L.Witham 

W.N.Zippler 


Applications to Iron and Steel Production 
A.C.Cummins, Chm., Carnegie Steel Co., Du- 


quesne, Pa. 
F.B.Crosby F.O.Schnure 
Wray Dudley W.B. Shirk 
J.E.Fries G.E. Stoltz 
S.L.Henderson T.S.Towle 
A.M.MacCutcheon H.A.Winne 


Production and Application of Light 
W.T.Blackwell, Chm., 80 Park Pl., Newark, N.J. 


J.W.Barker C.L.Kinsloe 
A.E. Bettis R.D.Mailey 
H.S.Broadbent G.S.Merrill 
J.M.Bryant P.S.Millar 
W.T.Dempsey P.H.Moon 
E.E.Dorting C.M.Moss 
L.A.Hawkins R.E.Simpson 
H.H.Higbie G.H.Stickney 


Applications to Mining Work 


D.E.Renshaw, Chm., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 


A.R.Anderson J.E.Kearns 
Graham Bright Carl Lee 
J.H.Edwards W.H.Lesser 
E.J.Gealy O.W.Parkhurst 
L.C. Lsley F.L.Stone 
L.H.James J.F.Wiggert 


C.D.Woodward 


Power Generation 
J.R.Baker, Chm., 1611 Lexington Bldg., Balti- 


more. 
F,A.Aliner J.P.Hogan 
F.A.Annett F.H.Hollister 
D.S.Brown A.H.Hull 
Andrew Oarnegie H.W.Leitch 
J.B.Crane A.H.Lovell 
E.A.Orellin E.B.Meyer 
R.D.DeWolf I.E.Moultrop 
W.P.Dryer F.A.Scheffler 
N.E.Funk F.O.Schnure 
W.S.Gorsuch R.E.B.Sharpe 
F.C.Hanker A.E. Silver 
L.F.Harza A.R.Smith 
E.C. Stone 


Power Transmission and Distribution 


P.H.Chase, Chm., Philadelphia Electric Co., 900 
Sansom Street, Philadelphia, Pa. 

L.N.Conwell, Vice-chm., Pub. Serv. Elec. & Gas 
Co., 80 Park Pl., Newark, N.J. 

T.A.Worcester, Secy., General Electric Co., 
Schenectady, N.Y. 


Sydney Alling J.P.Jollyman 
F.E.Andrews A.H.Lawton 
A.B.Campbell I.E.Moultrop 
- C.V.Christie L.L.Perry 
A.E. Davison T.F.Peterson 
H.C.Dean D.W.Roper 
L.L.Elden A.E. Silver 
R.D.Evans D.M.Simmons 
F.M.Farmer C.T. Sinclair 
T.H.Haines L.G.Smith 
Edwin Hansson H.H.Spencer 
K.A.Hawley Philip Sporn 
L.F.Hickernell W.K.Vanderpoel 
D.C.Jackson,Jr. C.F.Wagner 
H.S.Warren 


Protective Devices 

Raymond Bailey, Chm., Philadelphia Electric 
Co., 900 Sansom Street, Philadelphia, Pa. 

L.F.Hickernell, vice-chm., Allied Engineers Inc., 
Consumers Power Bldg., Jackson, Mich. 


H.W.Collins H.A.McLaughlin 
A.W.Copley D.M.Petty 
W.S.Edsall H.J.Scholz 
L.E.Frost H.K.Sels 
S.L.Goldsborough H.P. Sleeper 
R.T.Henry L.G.Smith 
E.A.Hester E.R.Stauffacher 
T.G.LeClair H.R.Summerhayes 
J.B.MacNeill O.C.Traver 
J.P.McKearin s E.M.Wood 

- H.B.Wood 


ELECTRICAL ENGINEERING 
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Pe 


Research 


L.W.Chubb, Chm., Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 


H.D.Arnold A.E. Kennelly 
Edward Bennett J.K.McNeely 
W.G.Cady ¥.W.Peek,Jr. 
E.H.Colpitts H.H.Race 
E.C.Crittenden C.W.Rice 
W.F.Davidson D.W.Roper 
W.P.Dobson T.Spooner 
F.M.Farmer J.B.Whitehead 
V.Karapetoff R.J.Wiseman 


Transportation 


E.L.Moreland, Chm., Jackson and Moreland, 
31 St. James Avenue, Boston, Mass. 


Reinier Beeuwkes Hippolyte Parodi 
A.E. Bettis W.B.Potter 
H.A.Currie R.H. Rice 
J.V.B.Duer S.A. Spalding 
H.H.Field N,W.Storer 
I.W.Fisk W.M.Vandersluis 
K.T. Healy R.P.Winton 
H.N.Latey Sidney Withington 
John Murphy G.1.Wright 


INSTITUTE REPRESENTATIVES 


Aeronautic Radio Research, Liaison Com. 
Ray H.Manson 


Alfred Noble Prize Committee 
A.E. Knowlton 


Am. Assoc. for the Advt. of Science, Council 
L.M.Klauber C.E.Skinner 


American Bureau of Welding 


H.M.Hobart 


American Committee on Electrolysis 
B.J.Arnold N.A.Carle F.N.Waterman 


American Engg. Council Assembly 


C.O.Bickelhaupt L.F.Morehouse 
F.J.Chesterman 1.E.Moultrop 


M.M.Fowler Farley Osgood 
F.L.Hutchinson W.S.Rodman 
H.A. Kidder R.F.Schuchardt 
W.S.Lee Charles F. Scott 


A.M.MacCutcheon C.E.Skinner 
William McClellan C.E.Stephens 
L.B.Stillwell 


American Marine Standards Committee 
R.A.Beekman 


American Stds. Assoc. Bd. of Directors 
Bancroft Gherardi 


American Stds. Assoc. Council 


F.D.Newbury H.S.Osborne J.C.Parker 
Alternates: 
H.H.Henline A.M.MacCutcheon 


American Year Book, Advisory Board 
H.H.Henline 


Gharles A. Coffin Fellowship and Research 
Fund Committee 
C.E. Skinner 


Com.of Apparatus Makers and Users,N.R.C. 
L.F.Adams 


Com. on Heat Transmission, N.R.C. 
T.S.Taylor 


Educ. Research Com. The Engg. Foundation 
W.S.Rodman 


Electrical Standards Committee, A.S.A. 
H.P.Charlesworth A.M.MacCutcheon 

F.D.Newbury 
H.S.Osborne, Alternate 


Engineering Foundation Board 


O.E. Skinner W.1.Slichter 


Geographical District Executive Committees 
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Engg. Societies Monographs Committee 
E.B.Meyer W.I.Slichter 


Gilbreth Int’l. Com. on Fatigue, S.1.E. 
C.F.Harding 


Hoover Medal Board of Award 


Gano Dunn F.B.Jewett E.W.Rice,Jr. 


John Fritz Medal Board of Award 


W.S.Lee R.F.Schuchardt Harold B.Smith 
C.E.Skinner 


Joint Committee on Welded Rail Joints 
D.D.Ewing 


Library Board, United Engg. Trustees, Inc. 


W.S.Barstow F.L.Hutchinson 


W.A.Del Mar W.I.Slichter W.B.Jackson 


Nat. Fire Prot. Assoc. Electrical Committee 
J.C.Forsyth F.V.Magalhaes,' Alt. 


National Fire Waste Council 


J.C.Forsyth F.V.Magalhaes 


Nat. Research Council, Engg. Division 
H.P.Charlesworth F.W.Peek,Jr., C.E.Skinner 

F.L.Hutchinson, ex-officio. 
Nat. Safety Council, A.S.S.E—Engg. Section 
J.C.Forsyth 


Radio Advisory Com., Bur. of Standards 
A.E. Kennelly 

Research Procedure Com.,Engg. Foundation 
L.W.Chubb 

United Engineering Trustees, Inc., 
A.W.Berresford H.P.Charlesworth H.A.Kidder 


U.S. National Committee of the Inter- 


national Commission on Illumination 


A.E. Kennelly C.0.Mailloux C.H.Sharp 


Commission of Washington Award 


L.A.Ferguson Charles F.Scott 


Secretary (District Secretary) 


A. G. Stevens, General Electric Co., Schenectady, N. Y. 


G. S. Diehl, Pennsylvania Water & Power Co., 1611 Lexing- 


ton Building, Baltimore, Md. 


©. R. Jones, Westinghouse E. & M. Co., 150 Broadway, 


New York, N. Y. 


District (Chairman (Vice-President, A.I.E.E.) 

No. 1—North Eastern. ..I. E. Moultrop, Edison Elec. Ilum. 'Co., 39 Boylston St., 
Boston, Mass. 

No. 2—Middle Eastern...W. B. Kouwenhoven, Johns Hopkins University, Baltimore, 
Md. 

No. 3—New York City...H. P. Charlesworth, 463 West St., New York, N. Y. 

No. 4—Southern......... W. EE. Freeman, University of Kentucky, Lexington, Ky. 

No. 5—Great Lakes...... T. N. Lacy, Mich. Bell Tel. Co., 1365 Cass Ave., Detroit, 
Mich. ; 

No. 6—North Central....P. H. Patton, Northwestern Bell Tel. Co., Telephone Build- 
ing, Omaha, Neb. 

No. 7—South West...... G. OC. Shaad, University of Kansas, Lawrence, Kans. 

INO.e S—Pacific. . 6. .5 .6 0% A. W. Copley, Westinghouse Elec. & Mfg. Co., 1 Mont- 
gomery St., San Francisco, Calif. 

No. 9—North West...... H. V. Carpenter, State College of Wash., Pullman, Wash. 

No. 10—Canada.......... L. B. Chubbuck, Canadian Westinghouse Co., Hamilton, 
Ont. 


E. A. Bureau, University of Kentucky, Lexington, Ky. 

A. G. Dewars, No. States Pr. Co., 15 S. 15th St., Minne- 
apolis, Minn. 

M. S. Coover, University of Colorado, Boulder, Colo. 


R. W. Warner, University of Kansas, Lawrence, Kans. 
C. E. Baugh, 245 Market St., San Francisco, Calif. 


R. D. Sloan, State College of Washington, Pullman, Wash. 
W.L. Amos, Hydro-Elec. Pr. Comm., 190 University Ave., 


Toronto, Ont. 


Note: Each district executive committee includes the chairmen and secretaries of all Sections within the district and the chairman of the district 


committee on student activities. 


Local Sections of the Institute 


—————Zz=~=——e 


Name District Chairman Secretary Secretary’s Address 
RMENROTR reas hers a teiats qs, 88 ei io ests aaid R. R. Krammes...... eA EL UICSONL .). 10) chalets Goodyear Zeppelin Corp., Akron, Ohio 
PATNA RGR ok cahtsiars eee stale o.0 (ae pees AG. Stanford. ........ bln OLSOLS 2 07s\cicheios/s General Electric Co., Atlanta, Ga. 
PSS GAINES acct isis (kcNey a2 es", otacene K. A. Hawley........ ST WW Gl Sisas) oi choite ences ate Western Electric Co., Baltimore, Md. 
ermine han eid ied fais < OE ai th taki O. E. Charlton....... Allied Engineers, Inc., Birmingham, Ala. 
SOS CONTE res cae lisitns ie ione!a.0 iG, 6.» Mss, sisi arias ©. A. Corney:......+... G. J. Crowdes........ Simplex Wire & Cable Co., Cambridge, Mass. 
CHC RON Maras. «iors seisl-.<)+ Bea. a tees (ee ee LNTIOS verisitnc iss > ics B.O, Willlams.......- 20 North Wacker Drive, Chicago, Ill. 
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Local Sections of the Institute—Continued 
eee nnn EEE 


Name District Chairman Secretary Secretary’s Address 
@ineimnatioen- acct DARE 38 ae i SS foul tp (eho F=f Be, te J.-A. Noertkers. face Cincinnati Street Railway Co., Cincinnati, Ohio 
Oloveland .e7% vba weg tek Disedrede ost GrvAt Wiosltzkyi. 0.6 W. . Snelkaeanert Cleveland Railway Co., Cleveland, Ohio 
ColurmbUSaxra scarce cus egee emits ore Wile Everitt enn ca Roy Mallory. see Ohio Bell Tel. Co., Columbus, Ohio 
CONTOCEEUONAS: oo eel see tere: Ru Gy Warmter.<2 can (Wiss. Balle eee Yale University, New Haven, Conn. 
Dallas: s.: Bam te ee Liat She Gibbs'A. Dyeri ane. SoM. Sharp? so. xc es 1100 Allen Bldg., Dallas, Tex. 
Den verisiees caer + we ete Gases eoke R. H. Nyswander.... IN. R. Love. oc... wee 807 Tramway Bldg., Denver, Colo. 
Detroit-Ann Arbor....... Dect: J. J. Shoemaker...... O. E. Hauser......... Detroit Edison Co., Detroit, Mich. 
BERR et eet a oa tae ee tee aaa ate aie Poh, Urich.2 ya.ee eV. BODGLtG sac - cued Erie Lighting Co., 21-23 West 10th St., Erie, Pa. 
Wlorida.ute ahah Ae eae. , hee Joseph Weil..........R. P. Smith..........P. O. Box 2574, Jacksonville, Fla. 
OEE WAY RO s,..ce pole is cho ene Olan) ternary E.. Jd. schaefer....:. . Ou. Summers... 0 General Elec. Co., Fort Wayne, Ind. 
EPOUSTOM Gate Fate ial wie sicreneieterane BOVE Wise i. Liarieete J. iS; Waters.ccter een: Rice Institute, Houston, Texas 
INdiana pols=Liatodan eto ae fees Le Oarters ccm He Ga LbOnmiseer eet Indiana Bell Tel. Co., Indianapolis, Ind. 
Owarhrricieice ects s see. s Dee ee HBS Hofthaus. 22... weon Hy VWo0ds-r. Telephone Bldg., 9th & High Sts., Des Moines, Iowa 
TENA ah Cireere cacao ee eons oe W.E. Meserve....... Bos Northrop: a - Cornell Univ., Ithaca, N. Y. 
CAT BAS COOLEY sicov2 vrslevesv cutme' hott ee peaal ee George Fiske......... BR Ma Ran cree: General Electric Co., Kansas City, Mo. 
Lehigh Valley........... peed 5 ose Morland King........J. H. Diefenderfer....Penna. Pr. & Lt. Co., Hazleton, Pa. 
LOS) ANZOlES Ae siates. ce lerststs Oc arn nua as PES Biegler i itcas F. E. Dellinger...0..- Los Angeles Gas & Elec. Corp., Los Angeles, Calif. 
LOusis villosa cette sic oe A.» Saat PPS Ashe. sai. see) Oa he HW Se eis Louisville Gas & Elec. Co., Louisville, Ky. 
Ly Tae por. aorta tee nereie 5 ee etd 8 J. A. Cook .G. R. Sturtevant..... General Electric Co., West Lynn, Mass. 
Madison..... BD ae Stat oan IND BL Blimey G. F. Tracy..........University of Wisconsin, Madison, Wis. 
IMiemp Hist: Beer cane cee tte Ais eats they WvAs Gentry 24.505 - F. L. Christenbury... Memphis Power & Light Co., Memphis, Tenn. 
IMeCxICOn- Se Soe fone a SS ae ie teas BS HM Lopezane seaieicha en OASUL On Ie sree raeee Dept. Elect. y Teleg., Ferrocarriles Nacionales de Mex., Mexico, D.F. 
Mil wankeees ees. co nesrie cc am 2c ate C. H. Krueger........ Hy Ue Lassen ase Cutler Hammer, Inc., Milwaukee, Wis. 
IMMnneSO ta ee EN is nie Fe eens Oscar Gaarden....... E. H. Hagensick...... The Pyle-National Co., St. Paul, Minn. 
Montane 2aee soot Oe) see? JoAy Thaler... ls ot ..0 Hs Dale -Cined.s5..c: 312 So. 6th Ave., Bozeman, Mont. 
Web aelta... © tise oie cs (ee ore Be Lig TURNER wig wo ck Na ae ee 610 Electric Building, Omaha, Nebraska 
INGWaLY ONG .0 8 Hs asset Se ee O. H. Caldwell....... a EA @ Pa B Yet etn ese ce N.Y. & Queens Elec. Lt. & Pr. Co., Flushing, N. Y. 
Niagara Frontier......... bee er eerie R. W. Graham... .. 3. Ge iW... Bighmyi..c. eo General Electric Co., 1100 Electric Bldg., Buffalo, N. Y. 
North’ Carolitiage....0. 54.0.0 meee C Seal DA Ofek, SeeeciiG iin R. F. Stainback...... Box 1029, Chapel Hill, N. C. 
Oljla hom ay Olver cece aerate: On. Almauisti.ccien OSB Bathersinesc ser Oklahoma Gas & Elec. Co., Oklahoma City, Okla. 
Philadelphia esc e cate datacenter OLEN. JODNSON sane J. L. MacBurney. ....Elec. Storage Battery Co., Philadelphia, Pa. 
Pittsburghiiss... 2 ashi. eect F. A. Conner.........T. Spooner........... Westinghouse Elec. & Mfg. Co., E. Pittsburgh, Pa. 
Pittsfield eee ee eee sera ihe its Dihetel pee ob ent K. R. Van Tassel..... General Electric Co., Pittsfield, Mass. 
Portland; Oreeasa. wee 3 Oude ee brn. RJ Davidson wae. ae EVE lewis soe eremn a, Northwestern Electric Co., Public Serv. Bldg., Portland, Ore. 
Providence ssc hid.ciewc came ness W. S. Maddocks...... O- Wi Briden:.--o.an.. Blackstone Valley Gas & Elec. Co., Pawtucket, R. I. 
Rochester cco ts ccc evetn tL neeere aaeeets We O@nyey OUP <s .cetere E. K. Huntington. ... Rochester Gas & Elec. Corp., Rochester, N. Y. 
SUpLOWIS aot eee et ae ere Mer eae heet CF Ha Kratt: ... ie. ar Ole suuan ktoOrdanen wa Century Electric Co., 1806 Pine St., St. Louis, Mo. 
Ban ‘Antonio... 2? 225. dace. i dtdie Meo ae eA NVOOUS Fas wren D. E. Woods _.P. O. Box 1105, San Antonio, Texas 
San Branciscpis,-a> cere Se ledete cree Hae HO Pelliti ter errant W. Op Smith secs pcre 872 Russ Bldg., San Francisco, Calif. 
Saskatchewan.......... ri eee 1 SUG aN Bb ona) ee Re A, JB Coward <9: ..<cran Light & Power Dept., Regina, Sask., Can. 
Schenectady... noc. Meee i ARES R. A. Beekman....... Hee. Nelsonc. toes General Electric Co., Schenectady, N. Y. 
SOAbHG copies adere oie tor = cis, ebene lie eee M. T. Crawford...... C. B. Carpenter...... 836 Dexter Horton Bldg., Seattle, Wash. 
SHAPON see eee wie suave ieee Pe bas ce RV ACI caterers 6 te AYN WiISeins acs ees Westinghouse E. & M. Co., Sharon, Pa. 
Southern Virginia........ ge Ee HE J ELS BOUry; ccs ctecoreet By. i: Lockwood... ... Virginia Public Service Co., Newport News, Va. 
SPOKan Our ee ctecun sroecatines%s Oe temteter. Hei. Vincent. We iM. Allen= Anns cies Home Tel. & Tel. Co., Spokane, Wash. 
Springfield, Mass........ Lees ayer: Baier Ee COnCk anne, in G.Packers, we ae Westinghouse Elec. & Mfg. Co., Springfield, Mass. 
SYTACUSES ce eas sie leL weeesteonene C. W. Henderson..... W.E. Mueller........ Denison & Thompson, Syracuse, N. Y. 
A Wa) (2's (oe Ee eS ein Qrickcienais J. A. Dinwiddie...... Max Neuber.....7..4 1257 Fernwood Ave., Toledo, Ohio 
EOTORTO > © a tep vac nies se een 10S TW) adie. epics a GeDiiloyd: 2.2. eriees Hydro Elec. Pr. Comm., 190 Univ. Ave., Toronto, Ont. 
UTrbanas..cteme eas oe Gi. aietstees 16 Et. W aldo.cian oe E. A. Reid...........University of Illinois, Urbana, Tl. 
Ga ak cre sete lave, ol een ( I ee PAUL Ransom. eee ae ACME La VlOl= spe eter Univ. of Utah, Salt Lake City, Utah 
Vancouverch sah psemiee 1OSShR AES GoRoewWrightewen. C. Arnott............B. C. Elec. Railway Co., Ltd., Vancouver, B. C., Canada 
Washington’ o..cceeeeee Zoek Gis a Weeller sry pa. cto GUMS Brownticncs en Westinghouse Elec. & Mfg. Co., Washington, D. C. 
Worcester, (are. oe: te. Less vee Je viCc@antin aye. Nae eeBullen wees General Electric Co., Worcester, Mass. 

Total 60 
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Counselor 
Name Location District Chairman Secretary (Member of Faculty) 

Alcromy, Univ... OF 5 o's 5 susie) osteo lode ae) qe OLA, © LALO) nonce rene ote ae ene eta eee ren F. Marcinkoski....... Peis echtole. tae J.T. Walther 
Alabama-Poly: Insts-.2o sees Auburn; -Alaé teecase ee eae eee Awaken tes a ge SI heaps SUR ee ©. Ba Dolling lances W. W. Hill 
Alabama; Univ "ofits. seu. peels eee University; Alanscncm cae tee Ad ony rigs Robert Lake......... Wires Purcells cesses: F. R. Maxwell, Jr. 
Arizona, Wnty. ofs.- eee aoe Tucson, Ariz. < s:a0 waa. eee: Soe ec eee PF. Hawley... e-.ss T. S. Henderson...... J. C. Clark 
Arkansas, Univ: Of a... ace ieee attendees Fayetteville, Ark. ......2. 052.025 Cine eta HD. Alprecht....-28 Re eVining tka tore W. B. Stelzner 
Armour Inst, of Tech caceue we «sie ODICAZO. 1 Geer Say ae Were ae Wid wd OSU. cn emer Reb hryes. oe oe E. H. Freeman 
British Columbia, Uniy. of..........Vancouyver, B,(Om aaa Osc eee DaS*Smithovioeae. H. M. Van Allen..... E. G. Cullwick 
Brooklyn; Poly: Jnst,/0f. oe. oon eee Brooklyn, IN... Yin ean eee as Se: anit BAndersotic sn). ose I. Andreasen......... H. B. Hanstein 
BucknelhUMbv 0.5.5 we icw cle eae « > eiteto op UCW ES DUR ae aie yee een Dt ies Walter E. Hall....... JA ED veritas’. ckens G. A. Irland 
Calif, Inst of Tech oi. ..2 asians a sin CASAL ORO hye eee mee ee SPs cd Cee PB. Lyons perce Raw. Ste Olair.: wai. « R. W. Sorensen 
Oat. JUD Ofz opm <cite hare ph ee Berkeley, Calif. s5 severe Sich a tetahele John. J. Cassidyvenca.n Sherroll L. Bettis..... L. E. Reukema 
Carnegic. Instuof Techs t15.<s Jenn Pittsburgh, Pa........ Sue onlas sae WB. Wigtonic.ia... 2 F. A. Lennberg....... George Porter 
Oase:Sch, of Ap. Science............ . Cleveland) Ohio-= many sean Dee Wess) s AsQGUII. Sp weelc ai K. R. Spangenberg...H. B. Dates 
Catholic Univ. of America........... Washington; DIG@.a.c ee ee oe Di state Ralph Brady..:.-....- ER ey ES OUINTRO Tecerceey ie ois T. J. MacKavanagh 
Gincinnati ) Univ ofse. eee oe Cincinnati, Ohio... 2 eee Di yaterss eels WAR OCI oy vat teenie i ©. JAGeschmidtae... W. C. Osterbrock 
Clarkson College of Tech............ Potsdam, :Ni.. You. eens 1 Tes Peer, C. O. MceNairn yids th. O ROurker as on A. R. Powers 
Clemson Agri. College............... Clemson College, 8. C........... Be tioh? ostene H. S. Montgomery. ..C. A. Farish.......... S. R. Rhodes 
Colorado State Agri. College......... Ft. Collins, Colog.aeene asa Gitircicisters Leroy Sweet......... D. Pinkerton......... F. L. Poole 
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Counselor 
Name Location District Chairman Secretary (Member of Faculty) 
OlOTadO MUL Vs Obs ioe ace cs co SRS BoOGlGbr; COlO> capemenea eds elses a Sm ea HW oWis COODer. Ain. dor Wi OnSpeat.. min W.C. DuVall 
Rooper WmiOnis! ah Airs. ane cela t New ay onic, ING Yoke. 2025). 56. Sie aks As By Mundelnc. cate. «i Ee ALVOl se... etme, «eet se seek adr DiUlD 
Renmei MIVErsluyas ce. sce sv.5.ce ta eee Piltaca. Nic Y. agrees Oe ees ts .dn 6 ee ote Eos As SUNT G Es ap cactae sae W.S. Bachman...... E. M. Strong 
Penver. WniverOf of oe... ws ieee. tt. Denver: OColo.s.seacsiaas tere hee. a. Obie oy On russler: tj... 1+ lrwin Olcott. :2 52.05. R. E. Nyswander 
MC CKOli WRU VOL enr ee pclae) tees OU OM, MICH Agha gec. sei. Where eu By Snarkeyy ent odecr J. Schenk o:..0...% 1s. <tas O;} Warner 
BVOROL INS ieee Loe cise Sek 6 eerste IPHUsGelphia., Aree beech el aic ae cleus > GO OStCR aad. oon he Ae IN OZ wre ea Paid < E. O. Lange 
Duke Univ.. Rete con Te ene, LO Ura. IN. Olt ctr arilncratic. sya obitete aS hee Sy Gea Black ia.45. 20: JA. Womack? .i 0... 3. W. J. Seeley 
Florida, Univ. ‘of. eet AA CTAOCS VALCO, NLS: scatters Hae Gt UN stehate re, ee Ry Hs; Waller. gases: am ie Po Baretta... cee Joseph Weil 
Georgia School of Tech Matec echek Atlantiaie Gars;.c.«cisieeraead yates atulars ale Ae lt J2 Et Harrisons) and: JerSevGantt.2ak sirens T. W. Fitzgerald 
Pare MUTE notte: SON fie Sa cek ts see @ampbridge,, Mass. i ci.teere piers «0 Let Shere Wo, Walker yd fe ac ats C. N. Mason.........C. L. Dawes 
AHO MUORIC VOL sient fcc; chls osu es RiOsCo Ws LOA ses Le aks Cece he. Diate oa. hao Glenn E. Gage....... H. R. McBirney...... R. H. Hull 
PULAIOIS STI Ole ie crets cfs sigiatancie loves (Giel orH ak dl Oy sell oop Bear a se eee he Bee UTe OOM akira i estas Dats Revit. asuneecns C. E. Skroder 
RESUS ULL OMORS. Mamie. sie serie ai. ei RINIGS,, LO Webs yiaies: eletavatouciylaiona enaldscreDaapatslacats Edwin K. Rohr.......Alfred F. Zissler...... F. E. Johnson 
DMR Gee WTEV. Of. oc 6 Ge Mice ns Fows: Clty, T0warss.ceccsasea ee. it waned David Marchant..... Albert Behnke........ E. B. Kurtz 
Kansas State College................Manhattan, Kansas............. 7 Ghee ee eee Ge HS Oa erntccy 3, pes, ae WSU ares. « ohare meer R. G. Kloeffler 
Mmisarisas: Univ. Of--en.-.... 5 2a) uawrence, Kansas... ...c.<s-0.. ene ae Edward Fisher....... JAaCk Brouseeaitecccs oss -O. Jackson, Jr: 
PEON OUCK Vs UDT Vc Olt cul. seqihe sca + Ate THEXIINS BON CVG sper seiarake cierekateteeoAhms, alanis NY Aco EC IL GOR cites che Hie Bia Dayinc. faa fete - W. F. Freeman 
mafavyette College, .6os00. sien. 8 ees CLUES bBB otek le aa. SI te Fs or Henry H. Jones...... G. D. Hegeman, Jr... . Lawrence Conover 
Pape tER Uh rar nents ean ae nN 2 yeu DO OUMIGMOM., Pam ectna ca chs ah Ses as es L. F. Underwood..... O7 Ws Banksinn rs asa N. S. Hibshman 
Brea trie TStice. ernie Aa curt waoueweka, ahaushsiakieery Sens OBICA RO SAN owe en te ore Stent ahcin Sn ee 1 SUR Sia Ae 0 et ad EL cola Wwe Sevens ao ete F. A. Rogers 
mowisiana, State: Univie...c+...-......baton Rouge, La... ..6s......5 BaP sls: P. W. Stokeley.......E. R. Wilkinson...... M. B. Voorhies 
MRCS VALLOs UPTV s Ofte inele ate alec othe. eles MIGUIS Villas 1 Wiest. war ala: r,s Se Ie. Sek bos eae H. KK. ¥riednian:;:.....8:'T. Fife 
BVESIIAGA LL Vis Of ah vaste cuang ay sun ales 6 ad ss Orong., Maine. facies. tate he oe 6 Vit pe ts HSAs Y OUNS feck «ore Bond) TAD DOLLS tric e-re W. E. Barrows 
MEE CT ULOUGOMIRLY, -acvaua gb oct ys “aims othatees Milwatikee, Wis... 2. 6.26 cee Bo eae. ety Ellsworth Ziehm...... Donald Boehmer.... . Edward Kane 
Massachusetts Inst. of Tech.......... @ambridge, Masso. ncueskns etm Vicctey ove ee J iti SONS es s..a5e ARO REP SS sank tls eho ope = Mee W. #H. Timbie 
Michigan Col. of Mining and Tech. ..Houghton, Mich................ OT ne. C. A. Doremire...... H. H. Kramer........G. W. Swenson 
Michigan State College.............. Hast Wansing Wliche oc, Dietatee Late, « Edwin W. Moore.....Webster Bowler...... W. A. Murray 
Michigan, Univ. of. . Mee ee ACUILPALIOO?, IVLICD. cree. nig snes cae Decdtetens. tee Gary Muy... .c. ssa John M. Lyon........ S. S. Attwood 
Milwaukee, School of Eng. of. Oe apices PIR Wace; WAS. oo un cores ees «she Bis ee Ay Olander sc eerie. 3 R. Stephenson....... V. M. Murray 
Minnesota, Univ. of.. oe eeNiinmesOlis. WIT on. 5, cauce, cc sere oo Over ts wre M. G. Swanson....... S. McDermott....... J. H. Kuhlmann 
Mississippi Agri. & Mech. ‘Col. ies Ase6o Mis College: Miss... 2c Jack» A Ry RE J. M. Caldwell....... J. F. Barksdale.......L. L. Patterson 
Missouri School of Mines & vier. er VOUS, VL Or spencers © bre SIA ac sie s Bon WHO. (WOOdSaaies +50 ELV Ee OrU an ae eeu TI. H. Lovett 
PISS OUTS Ne) XL Via OL cekckattuctc chet .c sn » ate MPOVERESER TUG c VO, cee eas ie ae ale by AA stn den Paice Je Bae pnepherdus,.. 00 L. E. Bates, Jr.......M. P. Weinbach 
Montana State College.............. Bozeman, MOnb oj. 5.3 sssieaccuerese Dosthtee a: Homer Lambdin...... Wa On iunkcoree wn a.ivdecac. baler 
Rey CaS amt Va Olan. creer) bernaictt rics AML COLMS MIN OD sie tov «5.6. d.0 sels sie wiles Giakevernstd Pa tbrenhard.cs;.. Win AC eID i per, 8 ihe F. W. Norris 
INGVada, (UULV OF ay = seleiet ios oy. nie a REDOING VACA a cis. be senate oe bose Bitsea cea Donald Knapp....... > Hie OBL aoe cs Seen S. G. Palmer 
Newark College of Eng.............. ING WALISRIN od sree ee ceee EIR e. takers & See He Olstayer rete tees ope Ae Day. ten nu, See J.C. Peet 
Me wet arm DaOIrCeW Dl vaOl vids hoe Ure IN. ED. ouraeie so ane > ele 1 ae ee PAA SOW. gig ccs aie R. H. Williams.......L. W. Hitchcock 
IGWEeXICOMUDIVROfdaee. © seus ee es Albuquerque, New Mexico.......7....... M. Austin True...... Moto? Rist: .. eiitet cas F. M. Denton 
New York, Col. of the City of........ New York, N. Y. Loe bistere tua the, RVOBOD DOLE. satlalens sre Eye. Gawlore.. pase Harry Baum 
TuNtaage BV Coh Ne O08 he eae eee ea Univ. Heights, New Tork, NL Y. Stace tat Tavs Dinars dace: =) ers GAIVES Heckel sh neat. J. L. Arnold 
North Carolina State College......... Raleigh: Ours ncmaresracc ti. tteles Ao onthe Ga Ey Ritchiese....:<.... LaeC. bnuibbard., 7... R. S. Fouraker 
North Carolina, Univ: of.........:... CAM ELIELL LIN One caa he teeta he 2 APM cera care D. J. Thurston, Jr....Sam Barham.........J. E. Lear 
North Dakota Agri. College..........Fargo, N. D. Ses et ce Octo Hredieaynesaese- se Ralph Simenson......H. S. Rush 
Worth Dakota; Univ. of fs ss.06. 4.0.0 Grand Forks, N. ‘p. Fees thd aise: (ian hea he Bed. SDIelOS: saci. as MarkuScarte srw. cee. on H. F. Rice 
INorineastern WHEViw. cpa. raw sie ces Cs IBOStOM tbs, IVLBSS).ceess > cicunturet « 1 ln ae IoGN. backorder. « «ass S. A. Standing....... W.L. Smith 
INOUE EAMG, UTIs, OL. oie a coc» ictere eusae oe Notre Dame, Ind........... weed sas Fhugh: ‘Ball so27ewee~ 3.8 F. A. Consolati....... J. A. Caparo 
hic: NortherD? UDIViess juckisk/ teen eins Ada OBIO: |... Geer eee les rete oe cee ele Co, Ra SaCOWS es as ne WG Ole fa sce I. S. Campbell 
HIOVSbAbE UOMIVe nr. oh aoe ier tere be aes Comm pus, OWI od a sieneraacs soe susie: Ae A ae Or ERICA oa ctae crete GROW it IWROY Gr rc cscuss F. C. Caldwell 
DOMME: «fren. vies asa sudhcnsccae ‘exeusde, Foe ci FA GHENE, .COUIObrn, sakpeiotataien) Sete wk teteds Dr dieses George Wyckoff...... C. C. Colombo....... A. A. Atkinson 
Oklahoma Agri. & Mech. College..... Stiiwater,;Olklaps yore ee sae (yaa eee aS J; Weibutehinss.: ... Gs Va Bens0n.2 tas A. Naeter 
Coe ANOMIA, MUMLE Vs OL: chee oie onsks ere oe IN@VIMAIER OKA Men ra ele hc hi eekace fk nlaccs tate CO, Or Ludwick... sac J. Strossberger....... F. G. Tappan 
rezone sbate. COUCREt re are = cen \COLV AILS, OLOs oo neo ccs ie since mie teini's Oe aa re Dale Hansen.........George Howie........F. O. McMillan 
Pennsylvania State College.......... State College, Pa............... Diese’ fe. Dae Sener Aer nse J. W. Hostetter...... L. A. Doggett 
Poennsylyania,, Univ. Of. 324.252 8s0..% Philadelphia, (Pa ain wits. seu SD a ashen ¢ Xa C. N. Maxfield....... HD ASarkis. -. a. C. D. Fawcett 
PGES Ureie WMIe. Oluetiatina ta tice os ae LUtSDULEN,. Pac, facials siere evel 0) oie apge Sissere sind Rs Ace artlevigiay. - ac Je Wi. Stirling: Jr... 5. H. E. Dyche 
PAGO LS. chs oc CORN PORN ss cxe sca Brookiyis, IN Yee atie cet Beaty ee: Wm. H. Sutton....... Ri Ee Bishop... Aer 0 3: C. C. Carr 
Brin COcony Wil Vis te erence Els see S aces) a sys, 9) PrinCeron Nemec deletes sates aes MEN ae Hee Miedler. a eri! a ue LL Db UPmeul 2... 6 «se. Malcolm MacLaren 
Purdue Univ.. Fa RS SUPE GS ger riifer ia hats Sa ee eo een Pee ee BR. 'O.. Petersonwwe.. ss WS IMS Sharer so. sae A. N. Topping 
Rensselaer Poly. Tast ade aa eke k wel THO ING SY cc aneevariats 2 arate arenes 5 Re one Te US WAS Meee. = 4.814 H. A. Schlieder....... F. M. Sebast 
Rhode Island State College.......... iReStO Shi hem teast are ce rel Lt. eee: alt Tee Gu Breage secre ie BeCrandall 227... << Wm. Anderson 
RICO LENS tie Baty pon up assets ists eel vepele fare nae or ROUBLOIE L OXAR ada tl feo 5 copie Cusiageaone M. E. Kattmann..... BAS  LUPBer: Ji yatehas J. S. Waters 
BEOROM POLY A OUIRRI Morty tte te ley Asi suai. 4cis 1s lob ELOrrS RMU be) MEACas tte we Mies ge fies Bie J. Montgomery....... Paul Froeb...........C. C. Knipmeyer 
BETTER OL SEIU wort faitats tach atc. cuayeltetate etetatte« New Brunswick, N.J........... Beano PS ISODN eet it xi <9ita L. V. Banta..........F. H. Pumphrey 
Sanita Clara, UDILV) Of... 26 oss aac wes Santa Clara, Oalit o . o/sva-- hee Sisco Ws CEDOPDG ners sve te Eberhard <). ces «aur.'s E. F. Peterson 
South Carolina, Univ. of.. ody Gy Drolhotarbett: hate WU CL} me by Cadi Seats Neem 4 ats desis ivy Erp emis Ss. «axe Lis WeeDiGkinsony ces oe T. F. Ball 
South Dakota State Sch. of Mines. Rear RvaDG Cty, Sal oe Rca: Sates, davars 1% G20 tite: PAS IN EOP KC ada sso. C. C. Stephens....... J. O. Kammerman 
Bouth Dakota, Uniy.'0f.2.6....5. 00. PVerralluon: Soll ty tere. eye cee aw ok OMe ocalater NVion) ©Ole eau. a. s Gu BAUMAN © .\srece « oxsyed> B. B. Brackett 
Southern California, Univ. of......... Los Angeles; (Calltie es. see ave tes Reto aoa MC. Marshall:;....5 Louis Bayhas: .. act: W. G. Angermann 
Southern Methodist Univ........... Dallas, Texas. a heehee Davie WLCLUON es. ici. slae Cy er PANION sce. 5 0 rc. sas H. F. Huffman 
LAMLOUG ILIV ce titus tis, Were 4 skate PS a oye Stanford Unive er’ nalty, ‘Calif. ae Ber SS amuaaae IME OR SOMOS IDs. :, 2/0 1 RSL BiG 8fo hig yk eee es Ae W. Bryan Duncan 
Stevens Inst. of Tech................ Bopoken: Na Pasar torus kts chal ed ha Tai muller... cake. A. Ohadpurn...... %. F. C. Stockwell 
Swarthmore Colleges.iiies f. ce ees Part hmMore, "ha oa. . sae neue « meaty) feo L. Fussell, Jr.:.......R. H. Lamey.........Lewis Fussell 
Pe PPCURO? LY, erming ride at talk, ups spabclaus 9 SVPacuse sic Macatts . okie « @atae 3m ou 1 ae Wi wA. Collins as. pens M. BE. Hogan, Jr...... C. W. Henderson 
SREDNESSCO: UDEV Ol vs die in. Saeed Knoxville, Tenner 2. eee Aest., GEE H. M. Patterson...... Osha Nonleys. Asn. et J. G. Tarboux 
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Total 109 
Affiliated Student Society 


Brown Engineering Society...... .....Brown Univ., Providence R. I. 


Engineering Literature 


New Books 


In the Societies Library 


Anwoxe the new books received at 
the Engineering Societies Library, New 
York, during November are the following 
which have been selected because of 
their possible interest to the electrical 
engineer. Unless otherwise specified, 
books listed have been presented gratis 
by the publishers. The Institute assumes 
no responsibility for statements made 
in the following outlines, information for 
which is taken from the preface or text 
of the book in question. 


KINEMATICS OF MACHINERY. By 
C. D. Albert and F. 8. Rogers. N. Y., John 
Wiley & Sons, 1931. 527 pp., illus., diagrs., 
charts, tables, 9x6 in., cloth, $4.50. ‘This 
textbook is based upon the course given to 
engineering students at Cornell University but 
contains advanced material, in addition to that 
included in most courses, upon velocity and 
acceleration vector diagrams, cams, and spur 
gears. The treatment is concise, yet thorough, 
and many problems are included. 


PRINCIPLES OF DIRECT-CURRENT 
MACHINES. By A. S. Langsdorf. 4th ed., 
N. Y. & London, McGraw-Hill Book Co., 1931. 
586 pp., illus., diagrs., charts, tables, 8 x 6 in., 
cloth, $4.50. This well-known text aims to 
supply a reasonably complete treatment of the 
fundamental principles that underly the design 
and operation of all types of d-c. machinery. 
This edition has been extensively rewritten, 
and new material has been added to bring it 
abreast of modern practise. 


RADIO FREQUENCY ELECTRICAL 
MEASUREMENTS. By Hugh A. Brown. 
N. Y. & London, McGraw-Hill Book Co., 1931. 
386 pp., illus., diagrs., charts, tables, 9x6 
in., cloth, $4.00. The fundamentals of the 
standard methods are presented together with 
some of the recent advances in this field. The 
theory and principles are explained, the neces- 
sary. steps in the laboratory procedure or 
manipulation are described, and _ the precision 
attainable, the precautions, and the general 
merits of the methods are discussed. The 
book is intended for students of radio communi- 
cation and electrical measurements and also 
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is designed to serve as a manual for the radio 
engineer. 


THEORIE DER THERMISCHEN MESS- 
GERATE DER ELEKTROTECHNIK, Grund- 
lagen zu ihrer Berechnung. By J. Fischer. 
Stuttgart, Ferdinand Enke Verlag, 1931. 147 
pp., diagrs., charts, tables, 10x 7 in., paper, 


13 RM. Presents in systematic form the 
theoretical principles underlying hot-wire 
instruments, thermocouples, bolometers, and 


similar instruments, and summarizes the results 
of research upon the question of heat transfer. 
This knowledge is then used to discuss the 
theory of the various types of instruments. 
The book supplies the designer with the 
fundamental data that he needs. 


PRINCIPLES OF ELECTRICAL ENGI- 
NEERING. By G. 'C. Blalock. N._ Y., 
McGraw-Hill Book Co., 1931. 498 pp., illus., 
diagrs., charts, tables, 9 x 6 in., cloth, $4.00. 
A concise course in the fundamentals, with 
frequent references to practical applications. 
The text is intended primarily for students of 
civil, chemical, or mechanical engineering but 
may also be used by students of electrical 
engineering as an introduction to the subject. 


RADIO RECEIVING TUBES. By J. A. 
Moyer and J. F. Wostrel. 2nd ed. N. Y., 
McGraw-Hill Book Co., 1931. 323 pp., illus., 
diagrs., charts, tables, 8 x 5 in., cloth, $2.50. 
The essential principles underlying the operation 
of vacuum tubes are explained in simple, non- 
technical fashion in this book, which will meet 
the needs of the average student of radio 
communication. The construction, action, 
reactivation and testing of vacuum tubes are 
described, and their uses as detectors, amplifiers 
and oscillation generators explained. A chapter 
is devoted to specifications, and another to the 
applications of vacuum tubes to other industrial 
uses than radio transmission and reception. 


SCIENCE IN ACTION. By E. R. Weidlein 
and W. A. Hamor. N. Y., MeGraw-Hill Book 
Co., 1931. 310 pp., illus., tables, 9x6 in., 
cloth, $3.00. This book gives a readable 
account of the methods by which scientific 
investigation has been applied to the problems 
of manufacturing, and of what has been accom- 
plished by it. The history of industrial 
research is outlined, and some major achieve- 
ments in promoting human welfare, in creating 
new industries, in preventing waste, and in 
improving social conditions are set forth. 
Suggestions for the organization of research 
work and the selection of workers are given. 


A.S.T.M. TENTATIVE STANDARDS 
1931. Philadelphia, Am, Soc. for Testing 
Mtl. 1008 p., 9x6 in., cloth, $8; paper, $7. 
Tentative specifications, methods of test, and 
recommended practises which had been proposed 
to the association, but had not been formally 
adopted in September, 1931. 180 standards are 
given, 42 of which appear for the first time. 


CONVERSION EQUIVALENTS IN_IN- 
TERNATIONAL TRADE. By S. Naft. 
Philadelphia, Comm’] Museum, 1931. 357 p., 
9x6 in., cloth, $5. An unusually comprehen- 
sive collection of weights and measures. Fac- 
tors and tables for converting the units of all 
countries are given in more than usual detail; 
tabulated alphabetically and geographically, 
as well as by systems. Attention is paid to 
compound conversions and to special measures 
used in engineering, commerce and various 
industries. 


DIESEL REFERENCE GUIDE. By 
J. Rosbloom. Jersey City, N. J., Industrial 
Institute, Inc., 1931. 292 p., 10x8 in., cloth, 
$10. Intended as a reference work for diesel 
engine owners, manufacturers and operators; 
brings together in convenient form such prac- 
tical information as: theory and construction of 
the engines, their installation and management, 
accessories, fuels, repairing, descriptions of 
locomotive, airplane, and automobile engines. 
Diesel engine installations in America are listed. 


ECONOMIC CONTROL OF QUALITY OF 
MANUFACTURED PRODUCT. By W. A. 
Shewhart. N. Y., D. Van Nostrand Co., 1931. 
501 p., 9x6 in., cloth, $6.50. An important 
work upon the use of statistical methods in the 
study of the problem of controlling the La of 
manufactured articles. Using as an illustration- 
the experience of the Bell Telephone Labora- 
tories in developing the most efficient ways of 
applying these methods to the problems that 
arise in manufacturing, he explains clearly the 
mathematical and statistical principles that are 
involved, and shows how they are applied to 
actual problems. ; 


ENGINEERING SOCIETIES 
LIBRARY 


29 West 39th Street, New York, N. Y. 


AINTAINED as a public reference 
library of engineering and the allied 
sciences, this library isa cooperative activ- 
ity of the national societies of civil, elec- 
trical, mechanical, and mining engineers. 


Resources of the library are available 
‘also to those unable to visit it in person. 
Lists of references, copies or translation 
of articles, and similar assistance may be 
obtained upon written application, sub- 
ject only to charges sufficient to cover the 
cost of the work required. 


A collection of, modern technical books 
is available to any member residing in 
North America at a rental rate of five 
cents per day per volume, plus trans- 
portation charges. 


Many other services are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 


ELECTRICAL ENGINEERING 


Selected Items From 


Current Literature 


ees references to current 
electrical engineering articles from 
Engineering Index Service’s review of 
some 2,000 technical periodicals are given 
in the following columns. All articles 
indexed are on file in the Engineering 
Societies Library, New York, which will 
furnish photoprints of any article at a 
cost of 25 cents per page, or make 
translations of foreign articles at cost. 


CABLES 


Rubber Insulated. New Control Cables 
Have Improved Characteristics, H.M.Friend. 
Power, v 74, Nov 10, 31, p 666-9. Developments 
made in insulated wire and cable based on recent 
discoveries by rubber chemists and physicists 
and experimental research work of cable manu- 
facturers in applying these discoveries; results of 
tests on rubber insulated cable. 


Telephone. Placing of Aerial Cables by Sus- 
pension, R.Blain. Telephone Engr., v 35, Oct rode 
p 25-7. Importance of placing messenger at 
proper tension in aerial cable construction is 
explained; construction and use of tension 
indicator. 


Underground—Manholes. Steel Forms for 
Concrete Manholes Show Economies, A.J.Bat- 
chelor. Elec. World, v 98, Oct 31, '31, p 777. 
$27.10 saving per job on labor alone is realized by 
Toledo Edison Co. through use of steel forms for 
building concrete underground system manholes; 
in the year since these forms were adopted com- 
pany has used them eight times. 


CIRCUIT BREAKERS 


Oil. The Impulse High-speed Circuit Breaker, 
W.K.Rankin. Gen. Elec. Rev., v 34, Oct ’31, D 
553-8. Initially developed for 25-cycle railway 
use; serviceable also for 60-cycle distribution ; 
design based on new theory of current interrup- 
tion; arc-quenching oil-blast produced mechani- 
cally; description of operation of mechanism and 
electrical performance. 


CLOCKS 

Electric. Electric Clocks, 8.F.Philpott. Elec. 
Rev., v 109, Oct 23, ’31, p 626-7. Consideration 
of relative advantages of various types available. 


CRANES 

Electric. New Type Crane and Hoist, G.A. 
Caldwell. Elec. World, v 98, Oct 17, ’31, p 692-5. 
Motor-generator set used as exciter for main a-c. 
crane or hoist motor to give dynamic control in 
lowering operations; principles used and de- 
scription of application; practise illustrated on 
Brooklyn installation; speed-torque curves. 


DUST PRECIPITATION 


Electric. Selecting Equipment for Electro- 
static Precipitation, R.H.Kaufmann. Chem. and 
Met. Eng., V 38, Oct '31, p 570-2. Development 
of applications of Cottrell process; precipitation 
treater for recovery of sulphuric-acid mist; how 
high-voltage d-c. supply for treater operation can 
be obtained; removal of tar and residues from 
gases in precipitation treater. 


DYNAMOMETER 


Electric. Electric Dynamometers for Produc 
tion Testing, F.W.Highfield. Machy., v 39, Oct 
1, 31, p 12-7. Operating principles and appl. 
with particular regard to testing of in ternal com- 
bustion engines. Before Instn. Production Engrs. 


ELECTRIC DRIVE 

Individual Drives Simplify Roll-Table Opera- 
tion, W.B.Snyder. Elec. World, v 98, Oct. 10, FSi 
p 650-2. Conveyor tables with motor on each 
roll have had their greatest development and 
application in steel industry; but reduced 
maintenance, ease of control, and quiet opera- 
tion should fit it into any industry where mate- 
rials of suitable length are handled in processes of 
manufacture. 


Industrial Plants. Electric Drive in Fac- 
tories, W.P.Conly. Elec. Rev., v 109, Oct 9, ’31, 
p 527-8. Comparison with crude-oil engine; 
some data regarding consumption of electricity 
per hp. installed in different trades; results of 
yee for various types of plants given in 
ables. 


Pumps. Control of Synchronous Motor 
Pump Drives, R.C.Allen. Maintenance Eng., v 
89, Sept 31, p 462-5. Factors to be considered in 
aurl. of synchronous motor to pump drive; con- 
trol equipment; advantages of increased effi- 
ciency, and better power factor weighed against 
complexity of operation. 
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ELECTRIC MACHINERY 


Testing. Losses in D-O, Machines from No- 
Load Tests, R.G.Isaacs. Instn. Elec. Engrs.— 
Jl., v 69, Oct ’31, p 1303-8. Determination of 
rotational losses of dynamos and motors that 
occur on load, by means of no-load test which 
allows for increase of iron losses due to load; 
theory of test and method of carrying it out; 
typical results show probable accuracy of method. 


ELECTRIC MEASURING 

Instruments. Electroscope Capacity Bal- 
ance, W.O.Bayliss. Australasian Elec Times, 
v 10, Sept 28, 31, p 368-70. Apparatus devel- 
oped by E.B.Brown exhibited at Melbourre 
Univ. Eng. School enables determination to be 
carried out very much more rapidly than, and 
quite as accurately as, usual methods. 


ELECTROMAGNETS 

Design and Construction of an Electromagnet 
for Investigation, E.J.Shaw. Rev. Sci. Instru- 
ments, v 2, Oct ’31, p 611-7. Familiar du Bois 
type of magnet was not particularly suited for 
number of investigations of magnetic properties 
of atoms and molecules performed in laboratory 
of Univ. of Ill.; special type of electromagnet 
designed shows four outstanding features over 
type mentioned. 


ELEVATORS 

Control. Pliotron Tubes Level Elevators in 
McGraw-Hill Building. Power, v 74, Nov 3, 31, 
p 632-5. In new 33-story McGraw-Hill Building 
are 9 passenger and 5 freight elevators equipped 
with Pliotron leveling devices; elementary con- 
pate! diagram of Pliotron elevator control 
system. 


Door Operation. How Hoistway Door Oper- 
ation Affects Elevator Service, H.B.Cook. 
Power, v 74, Oct ’31, p 608-9. Method for 
determining force necessary for opening and clos- 
ing different types of elevator hoistway doors 
and what effect increasing time of operation has 
on door mechanism. 


ENGINEERS 

Employment. How Many _ Engineers Are 
Now Unemployed? H.M.Friend. Power, v 74, 
Oct 27, 31, p 600-4. Analysis of survey based on 
Engg. Societies Empl. Service and various state 
and government agencies; registrations and 
placements per 1,000 members of 1927 to 1931. 


FEEDWATER 


Treatment. Solubility of Calcium Salts in 
Boiler Water, F.G.Straub. A.S.M.E.—Advance 
Paper for mtg. Nov 30-Dec 4, ‘31, 6 DP. Pur- 
pose of investigation to determine behavior at 
elevated temperatures of various chemical com- 
pounds found in boiler waters. 


FURNACES 


Arc. Twenty Year Advance in Electric Are 
Furnaces, W.E.Moore. Heat Treating and Forg- 
ing, V 17, Oct’31, p 982-7. Paper before Electro- 
chem. Soc. previously indexed from their pre- 
print, no 60-11 for mtg. Sept. 2-5, 1931. 

Industrial. Industrial Gas and Electric Fur- 
naces, E.Gossow. Eng. Progress, v 12, Oct '31, 
p 217-22. Operating characteristics and classifi- 
cation of industrial furnaces; furnace atmos- 
phere; gas furnace, fuel gases, burners; examples 
of large industrial installations. 


Melting. The Manufacture of Acid Electric 
Steel and Cast Iron, H.H.Walther. Jron and 
Steel Engr., v 8, Oct ’31, p 415-22. Practical 
features involved in successful economical opera- 
tion of electric furnaces of 3-ton per hr. capacity, 
direct arc, 3-phase; electric furnace costs cover- 
ing 4-week period. 


GATES 

Hydraulic Ellipsoid. Lightness and Low 
Costs Obtained by New Penstock Gate Design, 
A.J.Ackerman. Eng. News-Rec., v 107, Oct 15, 
31, p 600-4. Design and fabrication of ellipsoid, 
nearly all welded, emergency gate, 16 ft.in diam., 
for pressure tunnel at Calderwood dam in Ten- 
nessee; maximum head of 260 ft. was assumed; 
specia itests of restrained plates. 


HYDROELECTRIC 

Power Irrigation. Hydro Power Provides 
Revenue for Irrigation Works, H.A.Brown. 
Power, v 74, Nov 10, ’31, p 663-5. By. combining 
power development with irrigation dams possi- 
ble to pay project’s construction costs from 
power sales. 


INSULATING MATERIALS 

Specifications. Methods of Test Relating to 
Electrical Insulating Materials. A.S.T.M 
Report Committee D-9, 31, 212 p. Compilation 
of standards and tentative standards, together 
with annual report of committee. 


LAMPS 

Arc. Construction and Operation of Capillary 
Mercury Arcs, R.H.Crist. Optical Soc. America 
—J1., v 21, Oct 31, p 690-7. » Nature of problem 
and experimental development; nature of 
deposit; character of emission; curves. 

Glow. A Cold-Cathode 110-Volt Gaseous 
IWuminant. Electronics, v 3, Oct ’31, p 140-1. 
Two forms of Spanner Germer-Doring gaseous 
lamp adapted for operation in standard lamp 
socket for 110 volts a-c. or d-c. 


LIGHTING 


Airplane. Lights for Airplanes, R.W,.Cost 
Elec. Jl., V 28, Oct ’31, D 573-5. Equipment and 
its installation; notes on incandescent lamps; 
navigation; instrument board lights; cabin 
lights; landing lights; lighting circuits. 

Airport. Tho Detroit City Airport Antici- 
pates Night Flying, H.K.Flint. Elec, Jl., v 28, 
Oct ’31, p 566-7. More than 50 floodlights, each 
producing beam intensity of about 10,000,000 
candle-power, furnish illumination for night 
movements of airplanes at Detroit City Airport. 


Fog. ‘Transmission of Light Through Fog, 
¥.C.Breckenridge. Aircraft Eng., v 3, Oct 31, 
p 261-4. Attempt to correlate results of fog- 
chamber investigations by O.L.Utterback, 8.H. 
Anderson, and H.G.Houghton, and with natural 
fog by E.Farrer, E.P.T.Tyndall, F. Benford, 
L.P.Granath and E.O.Hulburt; particle sizes; 
formation of haze particles. Before Int. lum. 
Congress. 

Houses. Your Lights at Home, M.A.Shep- 
pard. Elec. Jl., v 28, Oct 31, p 553-6. Rich mar- 
ket lies before electrical industry; best attack is 
probably encouraging those in industry to have 
their own homes adequately lighted; lights must 
be integral part of home furnishings rather than 
afterthought. 


Street. Modern Street Lighting Practise, 
L.A.S.Woods. Elec. Jl., v 28, Oct ’31, p 557-9. 
Modern city plans its street lighting from investi- 
gation of requirements for each locality; out- 
standing examples of such comprehensive street- 
lighting plans are cities of Milwaukee and St. 
Louis. Before Int. Commission of Illum. 


Street Cutouts. Series Street Lamp Has In- 
built Cutout. Elec. Jl., v 28, Oct '31, p 570. 
Novel idea of using one of best conductors, 
copper, for insulator is basis of new inbuilt cut- 
out for series lamps; copper particles are covered 
with insulating film, which breaks down at lamp 
failure, allowing copper to fuse and reestablish 
circuit. 


LOUD SPEAKERS 

Diaphragms. Behaviour of Conical Dia- 
phragms used in Acoustic Apparatus for Repro- 
duction of Speech and Music, N.W.McLachlan 
and G.A.V.Sowter. Lond., Edinburgh and Dub- 
lin Philosophical Mag. and Jl. Science, v 12, Oct 
31, p 771-815. Conical Diaphragms with free © 
edge, with reinforced edge and with rubber sur- 
round; comparison of three preceding cases; 
modes of diaphragm corresponding t9 upper fre- 
quency resonances; influence of coil mass, etc. 

Horns. Indoor Applications of Air-Column 
Horns, C.J.Brown. Projection Eng., V 3, Oct 31, 
p 15-6. Type of horn to be used under given con- 
ditions is described and illustrated. 


MAGNETISM 

Temperature Variation of Intrinsic Magnet- 
ization and Associated Properties of Ferromag- 
netics, E.C.Stoner. Lond., Edinburgh and Dub- 
lin Philosophical Mag. and Jl. Science, V 12, Oct. 
31, p 737-63. Relation of intrinsic magnetiza- 
tion to other properties of ferromagnetics is 
briefly discussed, and evidence for regarding 
ferromagnetism at ordinary temperatures as due 
to interchange interaction of electron spins 1s 
summarized. Bibliography. 

New Theory of Magnetic Storms—I—Initial 
Phase, S.Chapman and V.C.A.Ferraro. Terres- 
trial Magnetism and Atmospheric Electricity, V 
36, June ‘31, p 77-97 and Sept p 171-86 
Motion of infinite plane-slab stream, cylindrical 
stream and neutral ionized system of any form in 
uniform magnetic field; internal steady motion 
of neutral ionized stream in non-uniform mag- 
netic field; phenomena accompanying advance of 
solar ionized stream into earth's field. 


MANHOLES 

Standardization. Simplification_and Stand- 
ardization of Manhole Frames and Covers, L.B. 
Fish. ASA Bul., Sept ’31, p 26-8. Progress 
reports of sectional committee of ASA Telephone 
Group and A.S. of C.E.; types and sizes reduced; 
simplification of materials. 


MANOMETERS 

Vacuum Tube. Measuring One Trillionth of 
an Atmosphere, E. K. Jaycox. Bell Lab. Rec., Vv 
10, Oct ’31, p 34-8. In making studies of phe- 
nomena requiring high degree of vacuum, it is 
important that physicists have knowledge of 
degree of pressure within apparatus; ionization 
manometer for accomplishing this was invented 
by O.E.Buckley in 1916; ionization manometer 
for this purpose of new design has been recently 
developed by H.W. Weinhart and author. 


MICROPHONES 

Moving Coil. A Moving Coil Microphone for 
High Quality Sound Reproduction, W.C.Jones 
and L.W.Giles. Projection Eng., v 3, Oct 31, P 
10-2. Microphone described is more efficient 
than conventional form of condenser microphone 
and its transmission characteristics are unaf- 
fected by changes in temperature, humidity and 
barometric pressure. 


MOTORS 

Commutator. Alternating-current Commu- 
tator Motors. Engineering, v 132, Oct 30,'31, Dp 
559-60. 90-hp., 220-volt, 3-phase machine, built 
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by Holmes for abnormal range of 12.5 to 1, has 
speed range of from 375 to 30 r.p.m., with con- 
stant torque of 1,200 ft.-lb. 


Design. Design of Electric Motors for Inter- 
mittent Service, C.Schiebeler. Engineering, v 
132, Oct 30,31, p 566-8. Study of conditions in 
motor when operating on short-interval inter- 
mittent service. 


Induction. 
Reversing, R.F.Emerson. 
731, p 637-8. Practical discussion of effects of 
motor-reversing operations; curves showing 
number of reversals possible with 50 deg. cent 
rise when using general-purpose squirrel-cage 
motor and motor with high-resistance rotor. 

Railroad. Field Shunting and Modern Motor 
Design, L.B.Hewitt. Elec. Ry., Bus and Tram 
Jl., v 64, Mar 13, 31, p 141-3. If interest in this 
direction can be stimulated one may have hope 
that manufacturers will produce suitable motors 
designed for far greater range of field control 
than any at present on market; economies to be 
obtained together with savings in weight, cost of 
resistances, and control equipment would be 
more than adequate compensation. 


Single-Phase. Capacitor Single-Phase 
Motors, L.T.Campey. Maintenance Enq., v 89, 
Sept ’31, p 427-31. Review of theory and design, 
and general statement of applications, discussing 
advantages and limitations; motor operation 
curves and control. 


Squirrel Cage. Some Features of the Poly- 
phase Squirrel-Cage Induction Motor, F.Miller. 
Gen. Elec. Rev., v 34, Oct '31, p 548-52. Mechani- 
cal construction; stator windings; final drying 
and insulating: electrical relationships; charac- 
teristics of motor with respect to rotor design; 
characteristic curves as samples of rotor punch- 
ing are given. 


NETWORKS 


New System of Distribution. Elec. News, v 
40, Nov 1, '31, p 35-7. Proposed type of general 
purpose system for moderately loaded areas that 
utilizes single conductor. shielded aerial cables, 
supported by messenger forming common neutral 
of 4,600/8,000Y volt circuit; details of system. 

Design. A Proposed Type of General Purpose 
Distribution System for Moderately Loaded 
Areas, G.H.Underhill. N.E.L.A.—Bul., v 18, 
Oct ’31, 0 669-77 and 693. Proposed system is 
advanced areas: it utilizing single conductor, 
shielded aerial cables, supported by messenger 
which forms common neutral of 4,600/8,000Y 
volt_ circuit. Paper won first award in James H. 
McGraw prize contest for 1931. 


Frequency Operation. Changing a System 
Frequency—I, E.Smart. Elec. Lt. and Pwr., v9, 
Nov 31, p 26-8. Empire District Electric Co. of 
Joplin, Mo., completed 25-cycle to 60-cycle con- 
version project at cost of $2,000,000; project 
included replacement of original turbines and 25- 
cycle generators in Company’s main hydroelec- 
tric plant on White River, with 60-cycle equip- 
ment having total capacity of 20,000 kw.: con- 
version of 65-kv. circuit and connections thereto 
to 60-cycle service. 


OSCILLOGRAPHS 


Cathode-Ray—Measurements. Phase 
Measurements with the Cathode Ray Oscillo- 
graph, L.A.Wood. Rev. Sci. Instruments, v 2, 
Oct °31, p 644-8. Theoretical. mathematical 
analysis, pertaining to suitability for oscillo- 
graph for this type of measurements. 


PHOTOELECTRIC CELLS 


New Applications of Photo-Cells for Control of 
Handling Equipment, R.F.Yates. Matls. Han- 
dling and Distribution, v 6, Sept ’31, p 45-6. 
Features of application of photo-cells for auto- 
matically controlling conveyoring equipment in 
filling of ore and grain bins. 

Engineering Development of Photovoltaic 
Cells, C.G.Fink and D.K.Alpern. Am. Electro- 
chem. Soc.—Trans., v 58, ’30, p 275-98. New 
photovoltaic cell, designed for industrial pur- 
poses, is described and some operating data and 
characteristic curves are presented, as introduc- 
tion to general treatment of subject; cell con- 
tains lead anode and copper-oxide cathode. 


Applications. Electronic Control of Machin- 
ery, R.F.Yates. Iron Age, v 128, Nov 5, ’31, 
p 1170-2. Photoelectric tubes are designed for 
various’specific operating conditions not admit- 
ting use of mechanical counters; thyratrons con- 
trolling comparatively large current without 
mechanical relays. 


POTENTIOMETER RECORDERS 


New Brown Potentiometer Recorder, T.R. 
Harrison. Rev. Sci. Instruments, v 2, Oct ’31, p 
618-25. Brown potentiometer recorder is illus- 
trated and described in some detail; is suited to 
use as self-balancing wheatstone bridge, for 
resistance thermometry, and for many other uses. 


POWER INDUSTRY 


Accounting. Accounting Fundamentals Ap- 
plied to Purchased and Generated Power, J.W. 
Romig. Power, v 74, Oct 27, '31, p 605-7. 
Separating fixed charges for economic compari- 
sons; features of mixed-pressure unit; uses of 
variable and fixed costs. 


Rate Making. How to Handle a Rate Case, 
C.B.Cooke,Jr. N.E.L.A.—Bul., v 18, Oct 


Induction Motors for Frequent 
Power, v 74, Nov 3, 
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‘31, p 657-9. Cost-to-company is more practical 
and reliable index for permissible rates to large 
customers than value of service to them which is 
usually greater than can be obtained in rate. 


PUBLIC ADDRESS SYSTEMS 


Design and Assembly of Outdoor Public-Ad- 
dress Systems, G.S.Mitchell. Projection Eng., v 
3, July 31, p 14-6. Instructive details of unit 
assembly and placement for outdoor sound 
transmission. 


High Power for the Public-Address System, 
C.H.W.Nason. Projection Eng., v 3, Oct ’31, p 
14. Availability of type 556 mercury-vapor 
rectifier simplifies construction of outdoor sound 
system; installation for theater, auditorium or 
outdoor use, wherever high quality channel of 
power involved is desired, is shown schematically. 


An Audio-Radio Distribution and Control 
Circuit, R.P.Glover. Electronics, v 3, Oct ’31, 
p 155. In some instances it would be desirable to 
retain feature of selection and control over radio 
programs at individual receiving points and at 
same time afford advantages of centralized dis- 
tribution of voice and records; schematic dia- 
gram of such installation is shown. 


RADIO 


Antennas. Development of Directive Trans- 
mitting Antennas by R.C.A. Communic tions, 
Inc., P.S.Carter, C.W.Hansell and N.E.Linden- 
blad. J.R.E.—Proc., v 19, Oct 31, p 1773-1842. 
Various types of directive antennas are theoreti- 
cally analyzed and their performances under 
practical conditions studied; effects of seasonal 
variations, heights above ground and polariza- 
tion are considered; radiation properties of sim- 
ple wires and radiation patterns of various com- 
binations of wires are described in detail. 


Antennas—Short Wave. Developments in 
Short-Wave Directive Antennas, E.Bruce. Bell 
Syst. Tech. Jl., v 10, Oct ’31, p 656-84. Pre- 
viously indexed from 7.R.E.—Proc., Aug. 1931. 


Circuits. Series Equivalent of a Resistance 
Paralleling a Tuned Circuit, C.H.W.Nason 
Radio Eny7., Vv 11, Oct 31, p 28. Simple mathe- 
matical analysis of determining effect of resis- 
tance and detector circuit. 


Engineers. The Spokesman for the Radio 
Engineer, S.C.Hooper. J.R.E.—Proc., v 19, 
Oct 31, p 1848-8. Radio today is compromise be- 
tween engineers, department store managers, 
politicians, theater owners, and lawyers; had 
engineers proceeded properly in beginning they 
would have first reached accord among them- 
selves as to what set-up should be; problem of 
getting Congress and executive branch to pro- 
vide needed laws and regulations would have 
been very easy. 

Interference. Radio Interference. Elec. 
Mfyg., v 8, July ’31, p 31-2. Factors to consider 
when selecting motors; table shows part electric 
motors played in causing radio interference in 
16 cities of less than 15,000 population, 


Interference. High-Frequency Atmospheric 
Noise, R.K.Potter. J.R.E.—Proc., v 19, Oct 
731, p 1731-65. Method which has been em- 
ployed in measurement of high frequency atmos- 
pheric noise is described; using this method 
measurements of noise over range from 5 to 20 
megocycles made in different parts of U.S.A. 
and at different times of year, show distinct diur- 
nal change in intensity similar to that for long- 
range high-frequency signal transmission. 


Inverters. D-C. Inverter for Radio Receiv- 
ers, W.R.G.Baker and J.I.Cornell. Electronics, 
v 3, Oct ’31, p 152-4. Device for changing d-c. 
into a-c.; supplies a-c. from d-c. mains at re- 
quired voltage and frequency and may be 
mounted in cabinet with receiver; development 
has been made possible through use of thyratron 


Receiving Apparatus, Short-Wave. Fac- 
tors in the Selection of the Proper Radio Power 
Transformer, J.A.Comstock. Radio Eng., v 11, 
Oct ’31, p 17-9. Transformer should meet toler- 
ances set forth by radio engineer, and in most 
cases these are in neighborhood of plus and 
minus 3 per cent on filament windings and plus 
and minus 5 per cent on high voltage windings 
and be capable of withstanding dielectric tests 
specified by Underwriters’ Laboratories, and 
application. 

Telegraph. Application of Printing Tele- 
graph to Long-Wave Radio Circuits, A.Bailey 
and T.A.McCann. Bell Syst. Tech. Jl., v 10, Oct 
*31, p 601-15. Arrangements which have been 
used for start-stop printing telegraph operation 
over transatlantic long-wave radio channel._ 


Waves, Long—Measurement. Long-Wave 
Radio Receiving Measurements at the Bureau of 
Standards in 1930, L.W.Austin. J.R.E.—Proc., 
v 19, Oet ’31, p 1766-72. Tables of monthly 
average field intensities of various long-wave 
stations, and corresponding atmospheric dis- 
turbances measured in Washington in 1930. 


Waves, Ultra-Short. The Attenuation of 
Ultra-Short Radio Waves Due to the Resistance 
of the Earth, R.L.Smith-Rose, and J.S.McPetrie 
Phys. Soc.—Proc., v 48, Sept 1, ’31, p 592-612. 
Investigation of attenuation of radio waves, of 
wavelengths between 5 and 10 meters, when 
transmitted directly along earth's surface; trans- 
mitters employed, one being fixed installation 
used with input power supply of order of 500 
watts, other transportable set operated with in- 
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put supply of about 50 watts obtained from 
batteries, are described. 


RAILROADS 

Controllers. New Cam Type Controller. 
AEG Progress, v 7, Sept-Oct °31, p 190-3. Fea- 
tures and characteristics of new AEG type, I. e., 
contacts, contact fingers, arc-extinguishing 
devices, contact pressure and action, contact 
battens, cam drum, notched wheel, reversing and 
braking drums, design of housing, connections 
and mode of operation; 60,000 km. service 
within interval of two main inspections without 
overhaul of contacts cited. 


Economics. Economics of Electric Railway 
Operation, J.R.Ong. Elec. Traction, v 27, Oct 
°31, p 498-9, see also Elec. Ry. Jl., Oct 31, p. 570- 
1. Faster schedules of paramount importance; 
new equipment increases riding ; reducing operat- 
ing expenses; savings in bus operation; savings in 
reducing costs of accident. Before A.E.R.A. 


Power Supply. Power Generation and Dis- 
tribution Have Undergone Many Changes, C.R. 
Harte. Elec. Ry. Jl., v 75, Sept 15, 31, p 542-5. 
Historical review of power plant design and elec- 
tric power distribution for street railroads; de- 
tails of specific installations. 


Regenerative Control. Tramway Regenera- 
tion, G.H.Fletcher. Elec. Ry., Bus and Tram J1., 
v 65, Sept 18, ’31, p 132-45. Manchester Tram- 
way System and Tramways Department of Glas- 
gow decided made trial with Parisian system; in 
both cases series-paralle! scheme was selected; 
results obtained from Manchester experiment; 
brief description of car and its equipment. 
Before Manchester Mun. Tramways and Trans- 
port Assn. 


Signals and Signaling. Chicago, St. Paul, 
Minneapolis and Omaha Eliminates Nearly 
20,000 Train Stops Annually. Ry. Signaling, v 
24, Oct ’31, p 337-41. Grade crossing with 
Chicago, St. Paul, Minneapolis and Omaha, 
gauntlet drawbridge, and junction switches con- 
trolled by table interlocking machine: mechani- 
cal gate protection solves light-traffic crossing 
problem. 


Signals and _  Signaling—Interlocking. 
C.B. and Q. Installs Electric Interlocking, W.F. 
Zane. Ry. Signaling, v 24, Oct ’31, p 331-4. 
Plant first of six large signaling units in re- 
arrangements of Galesburg, Lll., terminal facili- 
ties; schematic diagram showing general layout; 
track-and-signal plan of controlled territory; 
outside equipment; cable distribution. 

Power Interlocking Eliminates Delays. Ry. 
Signaling, v 24, Oct 31, p 342-4. Reconstruction 
program involves installation of two electro- 
pneumatic plants on Norfolk and Western at 
Portsmouth, Ohio; track layout; a-c. operation 
and control in both plants. 


Chicago and Illinois Midland Installs Electric 
Interlocking. Ry. Signaling, v 24, Oct ’31, p335- 
6, and 341. Crossing with Wabash protected by 
modern plant; highway crossing protection 
special features; track-and-signal plan of plant at 
Springfield, Ill.; interlocking machine; signals 
and switch machines; special crossing signs. 


Remote Control for Interlocking Saves $6000 
Annually. Ry. Signaling, v 24, Oct '31, p 345-6. 
30-lever plant, including highway-crossing pro- 
tection now handled by all-relay control with 7- 
lever centralized-type machine in station 1.2 mi. 
away; control machine; layout plan of remotely 
controlled plant; control circuit; yard indicator. 


Signals and Signaling—Remote Control. 
The Operation of Long-Distance Points by 
Hand-Generated Power—I. Ry. Engr., v 52, 
Oct ’31, p 370-4. Outline of systems whereby 
long-distance low voltage point mechanism oper- 
ates without batteries; arrangement of lines and 
signals, circuits for long-distance point operation 
Great Southern Railways, Ireland; past and 
present arrangement of lines and signals at 
Collooney. 


Tracks. Advances in Electric Railway Track 
Construction Standards. Can. Ry. and Mar. 
World, Oct '31, p 653-4. Diagrams illustrating 
design and constructional features. 


Train Control—Equipment. How to Usea 
Train Control Output Meter. Ry. Elec. Engr., 
v 22, Oct 31, p 268-9. Periodic checking of loop 
and track phase circuits provides means for 
determining condition of train control equip- 
ment and lessens possibility of failure. 


REACTORS 

Control. Direct-Current Controlled Reactor, 
Elec. Jl., v 28, Oct ’31, p 561-3. 
Long known as 3-legged reactor, apparatus is 
really analogous to 3-element amplifier tube and 
can be used as regenerative amplifier; it may also 
be used as relay, or as variable reactor; charac- 
teristic curves, practical uses and hook-ups. 


RECTIFIERS 

Series-parallel Type Static Converters—II, 
C.A.Sabbah. Gen. Elec. Rev., v 34, Oct ’31, p 
580-9. Polyphase series-parallel or series poly- 
cyclic static converter is discussed ; definition and 
description; calculation of circuit; voltage rela- 
tions; interphase transformer voltage; general 
graphical method and circle diagram or polar 
coordinates; numerical examples of calculation 
of 3-phase circuit by analytical method. 


Transformers. Method for Eliminating Pul- 
sations in the Terminal Voltage of Mercury Arc 


ELECTRICAL ENGINEERING 


Rectifiers, K.Ohsumi. Jnsf. Elec. Engrs. Japan 
—Jl., v 51, July ’31, p 380-5; see also English 
Abstract, on p 61-3. For extinguishing all alter- 
nating components from output voltage of recti- 


fiers, author devised single-phase 3-winding 
transformer which is described in detail. 
REGULATORS 


Induction. The Application of the Induction 
Voltage Regulator, W.E.M.Ayers. Instn. Elec. 
Engrs.—J1., v 69, Oct '31, p 1208-18 and (dis- 
cussion) 1218. General application of induction 
regulators to feeder systems and distribution net- 
works; problem of fully automatic control; ap- 
plication of regulator in system considered from 
its practical and economic aspects; financial 
aspect; twin polyphase induction regulators; 
special applications and connections. 


RELAYS 

Testing. Theory and Application of Relay 
Systems—Relay Testing and Maintenance—lI, 
P.H.Robinson and I1.T.Monseth. Elec. Jl., v 28, 
Oct ‘31, p 581-4. Investigation of new relays; 
initial tests; testing induction-type relays; 
directional tests. 


SUBSTATIONS 

Work Designs. Tapping 110-Ky. Trunk Line 
to Serve Small Community. Elec. World, v 98, 
Oct 31, 31, p 776-7. Sevierville, 110/13.8-kv. 
substation of Tenn. Pub. Serv. Co., represents 
another effort on part of power companies to pro- 
vide small community with good electrical ser- 
vice from high-voltage trunk line without unduly 
hazarding trunk-line service. 


SYMBOLS 

International Electrotechnical Commis- 
sion. International Symbols—III; Graphical 
Symbols for Weak-Current Systems. J. /.C.— 
Pub. no, 42, '31. Symbols for practical purposes 
representing object in very reduced and simple 
form and making it possible to draw any dia- 
gram in minimum time while giving it all desired 
clearness and convenient size. (In French and 
English.) 

Standardization. The A.I. & S.E.E. Sug- 
gestions to the Electrical Manufacturers in Con- 
nection with Standardized Symbols for Control 
Apparatus. Jron and Steel Engr., v 8, Oct '31, p 
438-9 and (discussion) 439-45. Tab. of sug- 
gestions. 


TELEPHONE 

Exchanges—Airships. Aerial P.B.X.. on 
World’s Largest Airship, A.Parlett, Jr.  Tele- 
phony, v 101, Oct 31, ’31, p 31-2. Description of 
telephone installation on U.S.S. Akron, world’s 
largest airship recently built for U.S. Navy,com- 
prised of specially constructed switchboard and 
17 telephones. 

Receivers—Moving Coil. Moving-Coil 
Telephone Receivers and Microphones, E.C. 
Wente and A.L.Thuras. Bell Syst.Tech. Jl., v 10, 
Oct’31, p565-76. Moving coil head receiver and 
microphone designed particularly for high qual- 
ity transmission; instruments have substantially 
uniform response from 40-10,000 c.p.s. 


Relays. Characteristics of Strowger Relays, 
K.W.Graybill. Telephone Engr., v 35, Oct ’31, 
p 30-1. Characteristics of various special types of 
relays in curves are given and explained. 


Systems—Interconnection. Interconnec- 
tion of Telephone Systems—Graded Multiples, 
R.I. Wilkinson. Bell Syst.Tech. Jl., v 10, Oct ’31, 
p 531-64. General problem of subscriber inter- 
connection; economic and service factors in selec- 
tion of trunking systems; characteristic manner 
in which telephone calls fall upon ordinary 
straight trunk groups; theoretical analysis of 
graded multiples from which are constructed 
curves for common probabilities of loss; com- 


parison of theory and observation. 


TELEVISION 

Technical Problems in Connection with Tele- 
vision, C.0.Browne. Instn. Elec. Engrs.—J1., 
v 69, Oct ’31, p 1232-8. Present day television is 
confronted with two main problems, that of 
transmitting signals which correspond to picture 
elements necessarily embracing large frequency 
band; second, that of providing sufficient illumi- 
nation on receiver screen to enable audience to 
view received image simultaneously. 


Apparatus. A Television Projector for Screen 
Pictures. Projection Eng., v 3, July ’31, p 13. 
Projector type televisor, designed by DeForest 
engineers, which throws television pictures re- 
ceived on screen so that they may be seen by 
small theater audience; extreme flexibility for 
television flying spot, is obtained. 


Apparatus, Superheterodyne. ‘Television 
Reception with the Superheterodyne, R.W. 
Tanner. Radio Eng., v 11, Oct ’31, p 23-5. 
Engineering details of design of superheterodyne 
receiver suitable for television. 

Fidelity Charts. Measurement of Fidelity in 
Television Systems, A.F.Murray. Electronics, v 
3, Oct ’31, p 137-8. Reproduction of charts de- 
vised in R.C.A. Victor Research Laboratory for 
measuring fidelity and for comparison of shades. 
THERMOCOUPLES 

New Uses for the Thermocouple. Projection 
Eng., v 3, Oct '31, p 13 and 16. New type of 
thermocouple potentiometer of General Electric 
Co. for accurate temperature measurements; 
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principle overcomes need for standard cell, 
which requires frequent balancing to make cer- 
tain that potentiometer current has not varied. 


TRANSFORMERS 


Recent Progress in Large Transformers, R.M. 
Charley. Instn. Elec. Engrs.—JIl., v 69, Oct ’31, 
p 1189-1207. General description of progress 
made in recent years and examples illustrating 
present stage of art; notes on problem of trans- 
port; comparison of 3-phase units with banks of 
single-phase units; shell-type vs. core-type trans- 
formers; core construction; cooling; ‘‘Intertaire”’ 
transformers; Buchholz protective device; inter- 
bale insulation; non-resonanting transformers, 
etc. 


Connection. Calculation of Line-to-Line 
Ratios and Phase Angles of a Combination of 
Three Single-Phase Voltage Transformers Star- 
Connected on a Three-Phase System, The Star 
Point being Earthed, A.C.Crawley. Instn. Elec. 
Engrs.—J1l., v 69, Oct ’31, p 1293-4. Develop- 
ment of algebraic expressions for calculation of 
roe and phase-angle errors from measured 
values. 


Silica Gel Breathers. A Silica Gel Trans- 
former Breather. Engineer, v 152, Oct 16, 31, 
p 418-9. Particulars of breather for trans- 
formers, designed to replace those employing 
calcium chloride; breather can be made for all 
capacities and can also be applied to joint boxes 
and oil transport and storage tanks. 


TRANSMISSION LINES 


Calculation. Symmetrical Components— 
IX, C.F.Wagner and R.D.Evans. Elec. Jl., v 28, 
Oct '31, p 586-90. Discussion of phase sequence 
constants of transmission lines with ground 
wires; positive and negative sequence impe- 
dance; zero-sequence impedance; practical calcu- 
lation of zero-sequence impedance; electrical 
characteristics of steel ground wires; copper-clad 
steel cables. 


Failures. Interruptions to Lines Concen- 
trated at Sunrise—Why? E.E.George and W.R. 
Brownlie. Elec. World, v 98, Oct 10, ’31, p 658- 
61. Idea of relative importance of lightning and 
other causes may be had from record of 110 ky. 
and 154 kv. outages on Tenn. Elec. Pwr. Co.’s 
transmission system; 70 per cent of non-light- 
ning outages fall in sunrise band; switching 
operations shifted away from sunrise period. 

Rural—Costs. Rural Lines for $500 per Mile, 
M.T.Crawford. Elec. World, v 98, Oct 17, ’31, 
p 690-1. Northwest Elec. Lt. and Pwr. Assn., sur- 
veyed practise of all member companies and pre- 
pared data on types of construction indicating 
present general practise; cost of special type of 
construction of Portland Gen. Elec. Co., adding 
15 per cent overhead and reasonable amount of 
secondary circuit, transformers and meters will 
not much exceed $500 per mile. 


VACUUM TUBES 


Industrial Application. Electron tube in 
Machine Design, R.F.Yates. Machy. (N.Y.), v 
38, Oct '31, p 95-6. How vacuum tube, photo- 
electric cell, and grid-glow tube are being used by 
machine designers for grading, measuring and 
counting. 


WATER HEATING 


New Possibilities in Off-Peak Water Heating, 
Elec. West, v 67, Oct 1,31, p 179-81. After study 
of some months’ duration involving analysis of 
experience with high-voltage water heaters on 
meter rate and low-wattage heaters on flat rate, 
and experiments with various types of heaters, 
tanks and insulation, Puget Sound Pr. & Lt. Co., 
Seattle, has established new water heating rate 
offering low priced energy on off-peak hours for 
storage-type water heaters. 


WELDING 


Arc. Developments in Arc Welding as Ap- 
plied to Oil Industry, J.C.Lincoln. Oil Weekly, 
v 63, Oct 16, 31, p 18-24. Application of shielded 
are process to welding of pipe lines, oil tanks, 
vaporizer tubes and other fields and refinery 
equipment, Before Am. Petr. Inst. 


Shielded Arc and the New Code, G.Raymond. 
Welding Engr., v 16, Sept ‘31, p 42-4. Qualities 
of weld metal which are called for by revised 
A.S.M.E. boiler code; corrosion resistance of 
shielded arc weld demonstrated by deep etching 
test; tensile tests of shielded arc welds through 
which holes have been drilled; bend tests demon- 
strate ductility and toughness. 


Bronze. Improved Product by the Use of 
Bronze Welding, H.F.Reinhard. Am. Welding 
Soc.—J1., v 10, Oct ’31, p 5-8. Bronze welding as 
applied to light gage galvanized sheet steel and 
iron in fabrication of house lighting and cooking 
type acetylene generator; bronze welded seams 
315 per cent stronger than soldered double-lock 
seams. 

Locomotive Boilers. Welding Practise in 
Northern Pacific Boiler Shops. Boiler Maker, v 
31, Oct ’31, p 274-7. Details of welding equip- 
ment and practise. 

Locomotive Fireboxes. Welding in the 
Locomotive Boiler, J.M.Vossler. Welding, v 2, 
Oct '31, p 679-81. Practise of Southern Pacific 
Lines, Houston, Tex.; joining sheets in locomo- 
tive firebox by electric arc process. (To be 
concluded.) 


Machines, Spot. Heavy-Duty Spot-Welding 
Machine. Engineering, v 132, Oct 23, 31, p 539. 
Machine by British Insulated Cables, Ltd., is 
suitable for making welds up to % in. in diam. in 
two or more pieces of mild steel having total 
thickness up to 34 in., and at speeds up to 600 
welds per hr.; comprises 60-kw. single-phase, air- 
cooled transformer. 

Machinery Bases. Reducing Weight and 
Production Costs, C.M.Taylor. Welding Engr., 
v 16, Sept ’31, p 58-60. How bending brake and 
electric arc work together to improve design of 
machine bases and cut cost of manufacture. 


Machine Tool Manufacture. Machine Tool 
Frames Produced by Welding, J. R. Weaver. 
Machy. (N. Y.), v 38, Nov ’31, p 171-3. Princi- 
ples governing construction of machine tool 
frames and bases by arc welding illustrated by 
examples. . 

Pipe. Welding of Copper and Brass Pipe, 
H.V.Inskeep. Am. Welding Soc.—JI., v_ 10, 
Oct ’31, p 21-4. Research work at Union Carbide 
and Carbon Research Laboratories to determine 
best types of joint. 


Pipe Joints. Four Problems Encountered in 
Flash Welding Mild Steel, E.R.Torgler. Am. 
Welding Soc—JIl., v 10, Sept °31, p_ 29-33, 
Welding methods in manufacture of Dresser 
type couplings of 8 to 26 in. diam. with particu- 
lar regard to flash welding of mild steel middle 
ring; determination of necessary flash and upset 
(burn and jam) for satisfactory middle ring 
flash weld; photomicrograph illustrates struc- 
ture; secondary piping and segregated impuri- 
ties as causes of defective flash welds; comparison 
between flash weld and roll weld. 


Pipe Lines. Welded Pipe and Fittings in 
Heating Installations, F.J.Maeurer. Am. Weld- 
ing Soc.—Jl., v 10, Sept ’31, p 5-13. Efficiency; 
economy; weight saving; fabrication of joints; 
fabrication of headers; welding fittings; spacing 
and tacking; expansion and contraction; adapta- 
bility and portability of oxyacetylene apparatus; 
welding piping in home; reduction of friction loss 
in welded fittings. 

Rails. The Electric Welding of Battered Rail 
Ends. Engineering, Vv 132, Oct 2, '31, p 452. 
Canadian Pacific Railway authorities have been 
experimenting, during past 3 years, in hope of 
developing economical means of building up 
battered rail ends by electric welding. 

Committee on Welded Rail Joints—Progress 
Report No. 7. New York, American Bureau 
Welding, A.E.R.E.A. and U.S. Bureau Stand- 
ards. May ’31, 62 p. Outline of following 
Bureau of Standards progress reports: Preheat- 
ing and Postheating; Hardness Tests Along 
Thermit Welded Unit; Hardness Tests Along 
Thermit Welded Rail Joint; Metallographic 
Examination of Thermit Welded Rail Joint: 
Results of Shearing Tests of Small Preheated 
and Postheated Welded Specimens of Investi- 
gation No. 3 Revised; Repeated Impact Tests of 
Rail Joints of Investigation No. 2. 


Structural Steel. Jig Assembly for Welding 
Fabrication Proves Its Efficiency. lng. News- 
Rec., v 107, Oct 29, ’31, p 688-9. Fabrication of 
steel for new all-welded shop building at 
Barberton, Ohio, plant of Babcock & Wilcox 
Co.; results showed 10. per cent saving over 
estimate for riveted building. 

Report of Structural Steel Welding Com- 
mittee. Am. Welding Soc.—Jl., v 10, Oct °31, 
p 25-42. Investigation extending over period of 
5 years; determination of stresses that may be 
safely used in designing of welded steel structures 
fabricated under ordinary commercial fabri- 
cating shop conditions. (To be continued.) 


WELDS 


Testing. Stethoscopic Examination of 
Welded Products, J.R.Dawson. Power Plant 
Eng., v 35, Oct 15, ’31, p 1016-17. Hammer tests 
can be effectively used on welds; testing equip- 
ment and procedure. Before Am. Welding Soc 
and A.S.T.M. 

X-Ray Analysis. X-Ray Examination of 
Welded Pressure : Vessel Seams, A.J.Moses. 
Combustion, v 3, Sept ’31, p 17-20 and 35. With 
recent formulation of A.S.M.E. code for welded 
boiler drums, technique and methods of testing 
used in manufacture of welded drums have taken 
on added interest and importance; outline of 
X-ray method of testing; features of installation 
of X-ray equipment which is representative of 
latest development in this field. 


WHEATSTONE BRIDGE 


A Voltage Selective Nonlinear Bridge, C.G. 
Suits. Physics, v1, Sept’31,p171-81. Impor- 
tant property of simple series resonance circuit 
employing resistance, capacitance and iron core 
reactor arranged to saturate is abrupt increase 
in current at certain critical voltage; this 
phenomenon is identified as quasi-resonant con- 
dition, and is compared to resonance in linear 
circuits; experimental study is made of non- 
linear bridge circuit comprising two branches of 
above type. 

Capacity. Two Precision Condenser Bridges, 
A.Campbell. Phys. Soc.—Proc., v 43, Sept 1, 
31, p 564-8. To facilitate direct reading of both 
capacitance and power-factor, the author has 
developed two bridge systems, based on that of 
Carey Foster. 
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[dustrial Notes 


Westinghouse and Italian Company 
to Exchange Patents.—According to F.A. 
Merrick, president of the Westinghouse 
Electric & Manufacturing Company, an 
agreement has been concluded with 
Ercole Marelli & Company of Milan, a 
leading Italian electrical manufacturing 
concern, for an exchange of patents and 
experience. The Westinghouse com- 
panies will not participate financially nor 
take any part in the management of the 
Italian company. 


Square D Promotions.—C. Lewis Hull, 
sales manager, switch and panel division 
of the Square D Company, announces the 
appointment of C. W. Bates, formerly 
Chicago branch manager, as assistant 
sales manager. G. S. Blomgren, of the 
Chicago office, succeeds Mr. Bates as 
Chicago branch manager. Mr. Bates’ 
headquarters will be at the Detroit fac- 
tory of the Square D Company. 


The Corning Glass Works, Corning, 
N. Y., has appointed the Bra Bon Electric 
Company, Inc., with offices in the Lewis 
Tower Building, Philadelphia, as agents 
for the sale of PYREX power insulators. 
The territory covered will include parts 
of New Jersey, Pennsylvania, Maryland, 
District of Columbia and the states of 
Delaware and Virginia. 


Herbert S. Glasby, who has been 
associated with the Acme Wire Company, 
of New Haven, Conn., has opened a sales 
office at 123 South Broad Street, Phila- 
delphia. In addition to handling the line 
of magnet wire, coils, varnished insula- 
tions and condensers made by the Acme 
Wire Company, he will represent the Na- 
tional Harris Wire Company, of Newark, 
N. J., manufacturers of high resistance 
alloy wires and ribbons; the MacAllen 
Company, of Boston, producers of mica 
sheet, tapes and molded articles, and the 
Waterbury Button Company, Waterbury, 
Conn., makers of bakelite, durez and 
other high dielectric molded products. 


A New Time Switch.—The Sangamo 
Electric Company, Springfield, Ill., has 
announced for January deliveries a very 
moderately priced, electrically wound 
time switch. The main spring, kept 
wound by a constant speed a-c. motor, 
has ten hour reserve power to carry 
through any ordinary current interrup- 
tion. A jeweled balance with non-mag- 
netic, non-rusting, temperature compen- 
sating, special alloy hairspring, guar- 
antees dependable timing. One of the 
unique features of this new switch is the 
type of mechanical contact which is being 
introduced in this country, after being 
used successfully abroad for many years. 
This new contact has a slow opening and 
asmall gap. It is revolutionary, but has 
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been thoroughly tested and is guaranteed 
by the makers. The standard switch has 
levers for three complete daily operations, 
allowing for either one, two, or three, on 
and off periods each day. Manual opera- 
tion does not affect the sequence of sub- 
sequent operations. A Sunday and holi- 
day cutout is also supplied. The entire 
timing and winding mechanism is en- 
closed in a dust-proof case. This unit, 
complete with contact mechanism and 
molded bakelite connection block, is 
mounted in a pressed steel case. 

An Improved Lamp Cord.—The Sim- 
plex Wire & Cable Company, Boston, has 
introduced ‘‘Latox’’ rubber sheathed twin 
lamp cord, a new type of flexible, rubber 
insulated cord suitable for portable lamps, 
fans, clocks, toys and similar apparatus. 
It is a small, durable cord with a thin 
covering or sheath of tough, new type, 
rubber compound in place of the usual 
silk, rayon or cotton braids. The rubber 
sheath is furnished in black, green, or 
brown-mahogany and retains a satin- 
smooth, highly polished finish indefi- 
nitely. The advantages claimed for the 
new cord are that it will never fray, it 
does not gather dust or lint, is sanitary, 
will not absorb moisture, and wiping with 
a damp cloth restores its freshness when 
soiled. 


Weade Vtteratance 
SC EA I RES TP I TE TE TE, 


Instrument Transformers.—Catalog 
GEA-601C, 42 pp. Describes General 
Electric standard lines of switchboard, 
portable’ and laboratory instruments. 
Dimensions and typical scales of certain 
lines are included. General Electric 
Company, Schenectady, N. Y. 


Illuminating Equipment.—Bulletin, 
Serial No. 754, 28 pp., ‘“‘Planned Light- 
ing,” described as a comprehensive 
manual for planning almost every form of 
illumination. Illustrated and _ includes 
detailed sketches and data on wattage 
capacities. Curtis Lighting, Ine., 1123 
W. Jackson Blvd., Chicago. 


Motors.—Bulletin 167, ‘Small Mo- 
tors,’ 30 pp. The bulletin, in loose-leaf 
form, is divided into eight parts describing 
single-phase, polyphase and direct-cur- 
rent motors in fractional horsepower 
ratings. At present only five of the eight 
parts are available, but the missing 
three parts will be mailed at a later date 
to all who request a copy of No. 167 at 


‘ties and variations in the circumference 


this time. Wagner Electric Corporation, 
6400 Plymouth Avenue, St. Louis. 
Illuminometer.—Bulletin 4 pp. De- 
scribes a new instrument which reads 
illumination intensities with the same ease 
and facility as reading ammeters and 
voltmeters. Known as the Model 603 
Tluminometer, it consists of an indicating 
instrument and a light target assembled 
in a portable case. The light target is on 
the end of a flexible cord so that it may be 
placed in any position. This light target, 
or searching unit has two photronie cell 
units which convert light energy directly 
into electrical energy without the use of 
batteries or other auxiliary voltage. They 
maintain constant output over long per- 
iods of time and there is no dark cur- 
rent. The output from the photronie¢ 
cell units is considerable, allowing the use 
of arugged portable instrument calibrated 
directly in foot-candles. There are three 
ranges on the instrument, namely, 10, 50 
and 250 foot-candles. A range changing 
switch is provided for the selection of the 
desired scale. Other combinations | of 
ranges are being added to the line and 
will be available shortly. The light target 
may be placed at a distance from the 
observer so that shadows and lights re- — 
flecting from light clothing will not cause 
errors in readings. Light may be read 
from all angles and the light target may 
be placed in relatively inaccessible places, 
in show eases, windows, ete. The ab- 
sorption of light by painted walls, screens 
draperies, etc., can be measured directly 


by turning the light target so that it faces ~ 


the surface. The time required to make a 
lighting survey is about one-tenth of that 
previously required. Weston Electrical 
Instrument Corp., 584 Frelinghuysen 
Ave., Newark, N. J. 


Bus Connectors.—Catalog 31, 96 pp. — 


Describes “Memco”’ bus connectors and 
ground fittings. In addition to con- 
ventional designs of clamped and soldered 
bus connectors, two original and unique 
designs in clamped connectors are pre- 
sented. One is the “Pliaband’”’ design, — 
which is a bolted connector, so designed 
as to adapt itself to the minor irregulari- 


of the bus. Itis primarily a high capacity 
fitting for important connections. The 
‘“‘Wedge-Grip’ connectors are, as the 
name implies, based on the use of high 
pressure contact as secured from the 
wedge principle. Hach connector of this 
type accommodates from eight to twelve 
sizes of wire and cable. In addition, a 
complete line of fittings are listed for 
modern “flat type” substations. The 
engineering section of the catalog con- 
tains a number of original tables and 
charts which will be found very helpful as 
short cuts in substation design work. — 
It also includes the principal .NEMA 

standards as relating to outdoor substa- 

tion practise. Memeo Engineering & 

Manufacturing Co., Ine., 37 Ninth 
Street, Long Island City, N. Y. 


ELECTRICAL ENGINEERING 


